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REPORT. 



TO THE RIGHT HONOURABLE 
WALTER HUME LONG, M.P., PRESIDENT OF THE 
LOCAL GOVERNMENT BOARD. 

Sir, 

The various considerations which the Board had in view 
in directing comprehensive inquiry into moorland waters in 
respect of their ability to act upon lead were set out in my 
interim report on " Lead Poisoning referred to Public Water 
Supplies derived from Moorland Sources," published in 1895.* 
1 then referred to the results of sundry inquiries made by 
the Board's Medical Department into prevalence of lead 
poisoning attributable to water supplies, and particularly to 
reports by the late Dr. Barry and by the late Mr. T. W. 
Thompson, appearing in the same volume, which showed that 
such poisoning was known to have occurred at one or 
another time among a large population inhabiting various 
sanitary areas in the north of England, all of which are served 
by public water supplies of moorland origin. In investigating 
the causes which produced this dangerous property in a water 
supply, it had been found that much uncertainty existed with 
regard to the conditions which increased or diminished the 
liability of a given moorland water to act on lead pipes, and 
as to the factors governing the difference between soft moorland 
waters which are, and others which are not, capable of dis- 
solving lead. Moreover, as I had suggested as long ago as 
1887, when dealing with data obtained from Sheffield, the 
problem of the relationship between the conditions of a gathering 
ground and the lead dissolving property of its water called for 
consideration of a number of biological as well as of chemical 
questions, which it was necessary to study in order to arrive 
at an understanding of the means best suited in a given instance 
to prevent the acquisition of lead-dissolving properties by a 
water. 

The inquirjr finally decided upon, which it was foreseen 
would necessarily involve a protracted series of observations, 
was entrusted to Dr. Houston. By 1894, when Dr. Houston 
had been continuously engaged in this research for over two 
years, I was enabled from study of the data available to set 
out in my interim report a summary of the more important 
facts obtained, and to state the chief inferences which it was 

• Twenty-third Annual Report of the Local Governmout Board. — 
Supplement containing the report of the Medical Officer, Appendix A, 
No. 13. 
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then apparent that the results of his inquiries warranted. At 
that stage, however, it was necessary to defer publication of 
the details of the various experiments ; it was desired that 
some should be repeated and extended, and, moreover, an 
important portion of the task allotted to Dr. Houston, that 
of surveying moorland gathering grounds in Lancashire and 
Yorkshire, had hardly been begun. On completion of research 
in these additional directions, Ur. Houston, in intervals of other 
work for the Board on which be has been eng^iged, has classified 
and reviewed the very large mass of experimental data now 
available on the subject. Some of the principal conclusions 
which can be drawn from the completed research are stated 
by him at the end of this volume (pp. 221-224), and it will 
be seen that these entirely accord with provisional inferences 
which it was possible to put forward in 1895. 

The results of laboratory experiments made to determine the 
varying conditions under which a water may retain or lose its 
ability to dissolve lead have been printed in the form of tables 
which, for convenience, will be published in a separate volume. 
The latter will likewise contain records of experiments with 
bacteria derived from peat, and will also deal with "erosive 
ability," a quality of acting upon lead possessed by certain 
waters which is quite distinct from " plumbo-solvency," or 
ability to dissolve lead. Erosion of lead may be roughly 
compared to the rusting of iron ; when lead is exposed jo water 
possessing this property its surface disintegrates, and scales of 
lead, in relatively insoluble form, are separated, leaving a new 
surface ready for further erosion. Tins is manifested chiefly 
in the case of bright lead, and, unlike ** plumbo-solvency," the 
degree in which it is possessed by a water bears no definite 
relation to the acidity of that water. 

It is, however, the power to dissolve the lead of water pipes 
(whether new or old) which renders a moorland water a 
potential source of danger to the consumer. Though erosive 
ablity is a factor not to be neglected, it is relatively of much 
less importance. The present volume deals almost wholly with 
questions of plumbo- solvency.* Its first part contains records of 
the sustained observations, made at the moorland gathering 
area selected at Bummoor, of the condition of typical pools 
and springs, and of mixed water in streams and reservoirs^ in 
regard to chemical composition and ability to dissolve lead. 
These records establish on a broad basis of observation that the 
factor essential to the possession by a water of plumbo-solvent 
properties is acidity, and that the degree of acidity and of 
corresponding plumbo-solvent ability is determined by the 
presence of peat on the gathering area and by the conditions 
under which the drainage of the peat gains access to the 
supply. This conclusion is not invalidated by observations 

* It is conyenient to retain ibis term as signifying ability of a water to 
diasolye lead, though snoh oompoand word may be withont snfficient 
warrant, orthographical or other. 
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which seem to show tliat the ratio between the degree of 
acidity and the degree of plumbo -solvent ability is not 
necessarily the same for all peaty waters, and that, within 
limitB, particular waters may have, as it were^ their own 
standards in this respect. 

Other important Bummoor records are those which show that 
certain spring waters may habitually possess power to neutralise 
the acid of peaty water. So that, given favourable counter- 
balaDcing conditions such as were maintained at Bummoor 
during the period of observation, a water of mixed origin, which 
continuously receives a notable proportion of acid and plumbo • 
solvent water, may nevertheless itself remain without action 
upon lead. 

The second part records the results obtained when the 
experience of Burumoor was applied to the moorland gathering 
grounds of 23 waterworks in Lancashire and Yorkshire, most of 
which are large sources of supply under the control of the 
councils of important boroughs or urban districts. The observa- 
tions recorded by Dr. Houston as a result of his visits to these 
several gathering areas deserve careful consideration from those 
responsible for the purity of the supply derived from these areas. 
Although Dr. Houston's data regarding these waterworks were 
obtained a few years back, there is reason to believe that as 
regards at least some of them the conditions at present obtaining 
are not materially different from those which he describes. In 
particular instances where the supply of the waterworks has 
lately been supplemented from oUier sources^ the gathering 
areas visited by Dr. Houston continue to contribute to the water 
service. On the other hand at other waterworks extra precau- 
tions against lead poisoning have been adopted since Dr. 
Houston's visit, and occasionally (as in the case of the Bolton 
supply) such precautions have been taken at the instance of the 
Board as a result of knowledge obtained from Dr. Houston's 
inquiry. 

At the date of Dr. Houston's survey, out of 58 reservoirs 
serving these various gathering grounds, no less than 35 
contained acid water possessing in greater or less degree plumbo- 
solvent properties. In many the sources of acidity could be 
traced to peaty streams or feeders, a list of which is given 
on p. 215, which either habitually contribute acid water, or 
which are liable in time of flood to biing into the supply a 
considerable volume of water possessing decided action upon 
lead. 

Dr. Houston describes in each instance the after histoiy of 
the acid water from these reservoirs. In some cases its acidity 
and plumbo-solvent abiUty is lost by being mingled with a large 
volume of neutral or acid-neutralising water derived from other 
sources. In other instances the process of filtration through 
sand, with or without the provision of special means of 
neutralising the water, serves to deprive it of ito plumbo-solvent 
properties. Elsewhere, again, the practice of neutralisation 
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with lime or whiting is regarded as essential, and is adopted \ 
as matter of routine. It is fortunately the fact that in one \ 
or other of these ways the water supplies in question are \ 
habitually deprived of ability to act upon lead. But authorities. \. 
of waterworks supplied from moorland sources would do welT"' 
to bear in mind continually the potential risks of a supply 
consisting wholly or partly of water possessing plumbo-solvent • 
properties. Prevalence of lead poisoniog attributable to water 
supplies has, happily, much diminished of late, but there is ' 
danger of this very circumstance leading to neglect of adequate 
precaution in future. Moreover, it is important to remember v 
that if, owing to temporary omission of precaution, a water 
supply becomes possessed of plumbo-solvent pro})erties for only 
a brief period, or if, again, a water habitually exercises only a 
slight solvent action upon lead, it is likely that the number of -'/ 
cases of lead poisoning occurring at a ^ven time will be small, ^^ 
and that few will come under the notice of any one medical' :.]"':' 
observer. It is easy to understand that iu such instances mischief.' ".: 
may be caused unknown to the responsible authorities, or that, ; '* - 
even if mischief is suspected, the matter may receive insufficient j.'. .: 
attention through failure to realise that in such circumstances*^., 
the evidence that the poisoning is attributable to the water V 
must of necessity be incomplete. 

Properly considered, there is no difficulty whatever in safe- 
guarding a population supplied wholly or partly from moorland 
sources from risk of receiving water capable of dissolving lead. . 
It is essential, as Dr. Houston shows, to ascertain in the first ...^ 
instance on each source cf supply what are the conditions which .;. . 
afford opportunity of introduction of acid water into the service. 
It is undesirable to rely wholly on any system of neutralising a 
water, however well such a system may be designed to guard 
against accident or negligence. The question which should first 
be asked is whether specially acid water can be altogether : 
excluded from the supply — for example, by eliminating the . 
drainage of special peaty areas, or by providing '' leaping weirs," > 
contrivances which ensure that the first washings from the 
peat after a period of drought are automatici^y rejected, v . ' 
It is probable that if action in this sense were taken, the waters 
of many storage reservoirs would lose the acid and plumbo* 
solvent properties by which they are at present characterised. ".. 
Given a water supply habitually acid, or liable to become acid, the 
process of neutralisation may be effected in vorious ways which 
Dr. Houston points out. He indicates that perhaps the most 
satisfactory method is ordinary sand filtration with the addition 
of some neutralising material (e.//., a thin coating of lime on the . 
surface of the sand with limestone underneath the sand) to the 
filter, and the subsequent addition of a trace of sodium carbonate 
to the neutral filtered water. 

Whatever method or methods of precaution be adopted, 
however, it is of first importance that their efficacy should be 
frequency ascertained by suitable observations on the gathering 
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area49, at the reservoirs, and at the filters, so as to ensure that 
the precautions afford adequate safeguard not merely against 
average or normal conditions, but also against those which are 
exceptional Examination from time to time in respect of action 
on lead of samples of water as delivered to the consumer is also 
valuable, though this proceeding should be regarded merely as a 
final check on the system of control. It is necessary to remember 
in this connection that the same waterworks authority may, 
habitually or occasionally, supply waters of different origin to 
different parts of the area which it serves, and that in conse- 
quence it is important that samples intended to represent water 
as supplied to the consumer should be chosen with full know- 
ledge of the system of storage and distribution adopted by the 
waterworks. 

The tests for acidity and for plumbo-solvency which Dr. 
Houston describes on p. 67 were adopted by him after 
numerous comparative experiments, and should prove useful in 
making determinations of the kind here in question. 

£ have the honour to be, 
Sir, 
Your obedient servant, 
W. a POWEEt 
September, 1902. 
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Bentham Waterworks. 

The red colouring signifies that the water had an acid aad the blue 
colouring a neutral reaction on May SIst, 1895. 

On May 31st Bentham Peat and Moss Pools contained hardly any 
water. It is to be noted that the neutral spring water percolated 
through the peat at -|-» c^nd issued again as an acid water which gradually 
became neutralised in its passage down the rocky and sandy bed of 
Bright Sike stream. At the acid water from a fieat drain a^ain 
changed the reaction of the stream water for a short distance. From 
this point onward to the reservoir all the water was neutral witli the 
exception of the water from two peat feeders to Bright Sike. The acid 
water from these feeders was, however, not sufficient in amount to alter 
the neutral reaction of the stream water. The Bentham Meteorological 
data were obtained from the point marked O- 

Scale, 6-in. to 1 mile. 









^ " o- 



Fart I. — Differential examination, at weekly 
intervals and over a prolonged period, of waters 
of diverse sort from one and the same moorland 
gathering ground. 



The object of this branch of the inqairj was set out by Mr. Power in 
the memorandum which appears in the Report of the Medical Officer of 
the Board for the years 1893-4, and may here be re-stated. It deals 
with the results of submitting severally to frequent comparative tests 
waters which, when combined together at a distance from their common 
moorland gathering ground, constitute a public water supply. And 
this with a view to determine— 

(a) what are the seasonal modifications of each of such contributory 
waters; 

(6) in what way and to what degree they differ at one and another 
time from each other as regards their constituents ; 

(c) how tar diversity of their ability to dissolve lead is associated with 
season of the year, and is at the same time parallel to observed 
differences in their chemical and bacterial characters. 

A gathering ground of the sort desired was selecteil at Burnmoor, in 
the neighbourhood of Settle, in the West Riding of Yorkshire. There 
was a special advantage in selecting a gathering ground in the West 
Riding, because this portion of the North of England had for long been 
associated with a special incidence of laid poisoning due to moorlands 
water supplj. On this point the report by the late Dr. Barry to the 
Board* may be quoted : — 

**West Riding op Yorkshire. 

'' Population obtaining by public service, in the main from moorland' 
sources, water not filtered before delivery to consumers, 1,114,077. 

<< Population obtaining unfiltered moorland water to which multiple- 
cases of lead poisoning had in recent years been referred, 677,141." 

The selected gathering ground comprised a moorland tract (in every 
way typical of those larger areas forming Yorkshire gathering grounds) 
from which water passing over or through the peat, and water 
also issuing from springs, converged to a particular stream, which in 
turn supplied a reservoir whence was derived the water supply of 
Beotham village. 

Previous to 1891 this water supply had been credited with the pos- 
session from time to time of an extreme degree of acidity, and it was 
also believed to act on occasion vigorously on lead. As a matter of fact, 



* Eecords of water supplies in the sanitary districts of Yorkshire, collected as 
introdactory to an investiffation by the Medical Department, of the local conditions 
afRecting the solability of lead by water, by Dr. Barry. 
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during the period of investigation by the experts of the Board, the sum 
of the various waters constituting the water supply showed little or no 
<'videnee of possessing snch injurious properties. Nevertheless, certain of 
the contributory waters were found to be possessed, habitually and in 
conspicuous degree, of acidity and plnmbo-solvent ability, while other 
contributory waters were f ootid to be either neutral or even alkaline (in 
the sense of being able to correct acidity), and these had no power of 
dissolving lead. At Bentham, as ebewhere, the quality of the water 
supply Hi any given time must be -governed by the inter-reaction of 
these differing contributory waters, and their relative amounts. And 
although the sum of the waters at Bentham proved to have no marked 
lead-dissolving properties during the period under observation, it can 
riBadily he. understood that this supply is an example of those in which, 
owing to change in the relative amounts and quality of the oonstituent 
waters, a temporary abcfuisition of lead^dissolving property by the whole 
water service would be apt to occur. 

On the Burnmoor gathering gi-ound, it was found that the con- 
tributory waters of which I have spoken were of two kind^, and 
this observation has since been amply confirmed on diverse moorland 
^thering grounds : — 

(a.) Acid, peaty water, possessed of plumbo-eiolvent ability ; 

(b.) Neutral, and often alkaline (in the sense of being able to connect 
acidity), spring water, devoid of plumbo-solvent ability. 

As has been indicated above, the ultimate quality as regards acidity 
and plumbo-eolvent ability of a moorland water supply depends on the 
inter-reaction of these typical contributory waters (a) and (b) ; on the 
bulk and degree of acidity of the peaty waters (a), and the bulk and 
degree of the acid neutralizing ability of the spring waters (6). 

This has been repeatedly proved in practice by observation of a 
moorland stream fed by waters of the characters of (a) and (6) during 
dry weather, when the neutral or alkaline spring water (6) was relatively 
at a maximum, and (a) at a minimum ; and again during floods, when 
the peaty acid water (a) was relatively at a maximum, and spring water 
(6) at a minimum. Under the first set of conditions the moorland 
stream tends to be neutral and free from action on lead, and under the 
latter set of conditions tends to be acid and possessed of plumbo- 
solvent ability. And it is easy, under laboratory conditions of experi- 
ment, to show how much of a particular water of the character (b) is 
needed to correct the acidity and plumbo-solvent ability of a water of 
character (a). 

With a view to subjecting waters of this type to detailed scrutiny, 
and to determine the factors which govern the acquisition of plumbo- 
solvency, the following waters upon the Burnmoor (Bentham) gathering 
ground were chosen for examination : — 

(a,) The waters of certain springs representing rain which, falling 
on the gathering ground, had escaped prolonged contact with 
the peat soil, and had been chemically modified in passage 
through or between strata underlying the peat. As repre- 
sentative of {a) class of waters, two springs were selected, 
respectively termed in this report — 

Bentham (Burnmoor) Spring No. 1 
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In the coui%se of the investigation it was ascertained that 
Spring No. 1 (and in lesser degree Spring No. 2) wa3 subject 
to occasional contamination with surface peatj water. 

(6.) The waters of certain pools representing rain water that had 
remained in sustained contact with peat or moss and with 
living or dead vegetable organic matter. As typical of (6) class 
of watpr8, two waters were chosen, namely — 

Bentham (Burnmoor) Peat Pool 
„ I, Moss I'ool . 

. (r.) The water of the stream descending towards the service reservoirs, 
and which represented mixture, differing in proportion from 
time to time, of waters of the class (a) and (6). As typical 
of the (c) class of water, a stream was selected, namely, 

Bdtitham (Barnmoor) Bright Syke Stremm. 

The- first survey of this gathering ground was. madp in 1891. At 
subsequent dates a further inspection had been made in order to verify 
the facts previously recorded, to obtain further data, and to prepare the 
map of the gathering area which faces p. 1. 

In order to obtain concurrent data of the physical conditions prevail- 
ing during the inquiry, meteorological instruments were established on 
the gathering ground. 

The burden of fitting out the laboratory at Settle in which these 
experiments were conducted, and of arranging for the collection cf 
samples, controlling and supervising the work, besides personally carry- 
ing out much valuable laboratory work, was largely borne by the late 
Dr. Barry, who in turn was fortunate in securing the active assistance 
of Dr. Atkinson, Medical Officer of Health for the combined Craven 
districts, and also of Mrs. Atkinson. 

Samples of the selected waters were collected at regular intervals over 
a long period. 

The following is a description of the chemical determinations made in 
their investigation : — 

(rt.) Appearance in 2'foot Tube. — The experiments with the 2-foot 
tube were carried out in the usual way, and the observations 
as to coloar, turbidity, and residue afforded a rough indication 
of theqaaltty of the water bs regards the presence of suspended 
and dissolved vegetable matter. 

(6.) Reaction toith Alcoholic Solution ft of Cozhinealj Methyl Orange^ 
and JLaemoid. — These qualitative observations of the reaction 
of the waters with different and delicate indicators were 
regarded as important ; the reaction of soft moorland waters 
being not fully understood, there was a presumption in favour 
of one indicator succeeding where another failed, in demons- 
trating the presence of acidity, cr, it might be, of alkalinity. 

(c.) Residue on Evaporation.'-^Tha estimation of the total solids was 

carried out in the usual manner ; and it was considered not 

' nnimportant to discover the loss on ignition, as bearing on the 

different behaviour of vegetable organic matter and mineral 

matter, when subjected to heat. 

(d,) Ammonia (free and albuminoid). — 1 he ammonia was estimated 
by Wanklyn's process. Of each sample on amount was 
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distilled sufficient to allow of four lots (each of 60 c.c.) bein^ 
Buccessivelj collected aud separatelj Nesslerised before^ and (Mt 
other four lots (each of 50 c.c.) being similarly dealt witb 
after^ the addition 6f the alkaline permanganate solution. The- 
reasou was that experience showed that in many cases, where 
moorland water was in question, the ammonia was only slowly 
given off, so that the last 50 c.c. collected contained an ap- 
preciable quantity of ammonia. A consideiable number of 
experiments were also carried out to determine the proportion 
of ammonia attributable to suspended matter ('* suspended 
ammonia ") in the several waters examined. 
{€.) Oxidised Nitrogen, ^^The nitrites were determined qualitatively 
by Gness's napthylamine process ; and the nitrates quantita- 
tively by the copper-zinc couple process. 

The determination of the nitrates, and the presence or 
absence of nitrites, was of importance, as it has been held that 
the action on lead of waters largely depends on the state of 
combination of nitrogen with oxygen contained in the water. 

( f.) Oxygen required to Oxidize the Organic Matter. — The oxygen 
required to osidize the organic matter was determined by the 
Tidy process as modified by Blair, the water being kept for 
two hours at a temperature of 100^ C. The standard solutions- 
were sodium thiosulphate and potassium permanganate. 

(g.) Chlorine. — The chlorine was estimated in the usual way, with » 
standard solution of silver nitrate, and a solution of potassium 
chromate as indicator. 

(A.) Hardness, — Clarke's soap test was used to determine the 
hardness. 

The importance of keeping a record of the hardness of the 
waters needs no comment, since many investigators assert that 
it is especially soft waters which act on lead ; that hard waters 
hardly ever possess this ability. 

(f .) Dissolved Oxygen, — Thresh's process was used to estimate the 
amount of the dissolved oxygen. The precaution was taken 
of always having the samples bottles filled completely full of 
water, and of using — ^as soon after the collection as possible 
— the first portion of water taken from the bottle for analysis, 
for the determination of the dissolved oxygen. 

(/.) Iron, — The presence of iron was always tested for, as a suspicion 
existed that iron might in some way or other be a factor in 
giving a water plumbo-solvent ability. 

{h.) Acidity, — Whenever a water was found to give an acid reaction 
with methyl orange, cochineal, or lacmoid, the amonnt of the 
acidity was determined by titrating a known quantity of the 
water with a decinormal solution of sodic carbonate. Phenoi- 
phthalein was used as an indicator, and although open to some 
objections, it was found that by its use comparable results were 
obtained. The acidity was estimated quantitatively, with the 
object of seeing whether the plumbo -solvent ability of a par- 
ticular water, from time to time, or of one water as compared 
with another water, varied directly with the amount of the 
acidity. 

(1.) Plumho^solvency, — A determination of the plumbo-solvent pro- 
perties of the various waters was considei^l essential ; but the difficulty 



:«ro8e ihat of all tho methods in use when this inquiry commenced, none 
-^gavo comparable rosolts. To [>r. Whiteleggo is due the credit of 
suggesting the filtration of the water through lead shot. It was found, 
however, that ordinary lead shot did not react very sensibly to the 
influence of acid waters ; shot, therefore, was speciidly prepared, free 
from arsenic and the other impurities which give to ordinary lead shot 
Its necessary quality of hardnes.<a. 

The process wa* carried out in the following way : — 

Fifty c.c. (by volumf^) of washed lead shot were placed in a burette, 
^occupying 18 inches of its length, and the sample water allowed to 
filter slowly downwards through the lead. The water was collected in 
successive lots of 50 c.c. and tested with sulphuretted hydrogen or 
:ammonium sulphide for the presence of lead. The amount of lead was 
estimated by colour-titration, the standard solution of lead acetate being 
¥>f such a strength that I c.c. was equivalent to 1 mgrm. of lead. 

The experiments were carried out in a comparative manner, and the 
^precaution was taken of using fresh shot for each determination, tlie 
•old shot being thrown aside, lesi its use should introduce a possible 
source of error. 

A note was taken of the temperature of the water during the course 
of the experiment. 

Taking note the several waters seriatim^ the detailed results obtained 
tvill first be stated in the five following tables I. to K, : — 
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Table 
Showing the Record of the Chemicai. 



Results stated as 



Date of 
Collec- 
tioa 
and of 
Exami- 
nation 



Appearance in 2-ft. Tube. 



Coloar. 



■^J^;- , R«Kiae. 



Reaction with 



i 

a 
3 



fi. 



I 



Residue 


ou 


E^-uporation. 




1 

• 




o 


9'^ 


. i 


Total 


i^ 


Fixed 



Ammonia. 



Oxidised 
Nitrogen. 



Free. 



Albu- 
minoid, 



Total. 



AsNi. 
trites. 



1891. 
Kov.9 



,. 16 

w S3 

.. 30 

Dec. 7 



M 



14 



No records 



Nont. 



(}oIourIe8s Clear 



21 P. straw 



>» 



28 



1802. 
Jan. 4 



.. 11 



18 



,• 26 



feb. 1 



8 



15 



Colourless 

P. straw 

Colourless 



P. en'een 



Straw 



Orey 



Cotooriess 



Btiaw 



Mar. 7 

14 



»» 



21 



Distinct 



V. slight 



Bine 



Straw 



Clear 

Slight 

Hasy 

Distinct 
Hazy 
Clear 

Distinct 
Clear 

Distinct 
Clear 



n 



ff < » 



Moss 



Slight 



Brown 



Slight 



Mofs I ., 



t» 



I 



Nil 



•* 



Averages 



Neut. 



n •» 



Neut. 



Neut. 



n 



6*5 2*0 



4-6 



00013 



7*0 2*5 4*5 I 0*0060 



6*0 
60 
6*1 
8*2 
8-5 
7*0 
5*5 



2'0 , 4-0 0*0033 



3*0 3*0 0*0026 



2*8 3*3 . 0*0069 



2*6 i'6 



0*0150 



0*0050 
0180 
0*0060 
0*0190 
0*0366 
0*0420 



1*5 7*0 ' 0'0108 0*020 



2*0 ! 5*0 



0*0090 



3*6 



I 



0*0260 



2*0 0*0114 00172 



10*0 6*0 ! 4*0 0*0015 
6*0 



6*0 



10*0 



6*5 



2*0 I 3*0 0*0040 



2*0 3*0 



0*0183 



7*0 I S'O 0*0026 



I 



2*5 8*0 0*0082 



•* 



0*0100 
0*0205 
0*0670 
0*0205 
0*0434 
O*O40G 
0*0620 
0*0392 
0*0263 
0*0038 
4*0 ' 3*0 ' 1*0 i 0*0014 0*0040 



9*0 . 8*0 1*0 0*0180 

) i 

8*0 6*0 20 0*0080 



6*0 4*5 1*5 0*0096 



6*5 8*5 3*0 0*0070 

! I I 

50 4*0 1*0 , 0*0010 



O'lOSO 
0*0601 
01109 
0*0576 
0*0288 
0*0206 
0*0618 
0*0616 
0*0185 
0*0124 
0*0688 
0*0576 
0*0391 
OO306 
0*0344 
0*0866 
0*0166 



_ I 



Nil 



Trace 



Nil 



Trace 



Nil 



Trace 
Nil 



I 6*74 3*52 



3*22 



0*0073 



0*0854 I 0*0473 



I. 



EscAmination of the Water of Bknth am Spring No. 1. 



- 


— »■■ ■ ■ 

~Pui8 per 100.000. 


Hard. 
nesB. 










• 














Ozynsn 
ahaorbed 

from 
Perman- 
gaoateat 

lOO^C. 


Ohio, 
line. 


DiasoWed 
Oxygen. 


Iron. 


Acidity. 


Plnmbo-soWency tested by downward Filtration 
through 60 cc. Washed Lead Shot. 


Teovpera* 

thoWaler 

Filing 
thraugk 
the Lead 
Shok 




A. 


B. 


C. 


D. 


B. 


Average 
of A.B. 
C, D. E. 


- 


Iftt 
60 cc. 


2nd 
60 CO. 


8rd 

60 cc 


4th 
60 CC 


6th 
60 CC 




O'lOM 


1-0 


1-6 


1-0712 




0-0 




— 




— 


— 








0-30t4 


0*9 


4*76 


0-8876 


^ 


0-0 


— 


— 


— 


— 


— 


— 


— 




0*0706 


0-9 


2-7 


— 




00 


002 


0*06 


0*08 


0*07 


0*04 


0054 


11° a 




0*1440 


1-0 


8-6 


1-0608 


— 


0*0 


0-20 


010 


0-14 


0*10 


0-10 


0128 


16 




0*0188 


1*0 


8-3 


1-0422 


— 


0*0 


014 


0*20 


0-18 


0*14 


0-14 


0-160 


13 




0*8204 


0-9 


2-2 


0-9641 


— 


0*0 


0*06 


0-04 


0-04 


0*04 


006 


0-046 


IS 




0*1710 


0-6 


6-2 


0*8289 


— 


0-0 


0*04 


0*06 


0*04 


0*04 


006 


0-048 


14 




0*4048 


0-6 


8*6 


0-8766 




0-0 


0*00 


O'OO 


0-02 


0-02 


0-04 


0-016 


14 




0*2240 


0*8 


0-6 


0-9148 


Nil 


0*0 


0*06 


0*08 


0*06 


0*10 


0-10 


0-064 


14 




0*1888 


0*8 


2*2 


0-6058 


M 


0-0 


0*00 


O'OO 


0*00 


0*02 


0*04 


0*012 


14 




#-1406 


1*0 


2*4 


0-7046 


(* 


0*0 


0*04 


004 


006 


0-06 


0-08 


0056 


14 




4-6080 


1*0 


4*7 


0*9183 


M 


00 


000 


0*04 


0*01 


006 


0*04 


0-086 


11 




f6784 


0*86 


1*4 


1-1887 


M 


0-0 


0*08 


0*06 


0*08 


0-08 


0-08 


0076 


18 




d-8016 


0*86 


2-6 


0-9182 


•> 


00 


0-03 


0*08 


010 


0*10 


0-10 


0-092 


16 




0*6078 


0-86 


4*0 


0*8477 


*» 


0*0 


0*16 


0*10 


0-12 


0*14 


0*16 


0*186 


16 




8*6184 


0*9 


4*1 


— 


M 


0*0 


004 


0*04 


0*06 


0*10 


0*10 


0*072 


14 




0*6780 


0-8 


4-7 


0-8663 


** 


0-0 


0*08 


0*06 


0-10 


0-10 


0*08 


0*084 


17 




0*8068 


0*90 


2-8 


0-9829 


m 


O'O 


0-02 


0*02 


0*02 


0-02 


O'OO 


0*016 


12 


1 


01610 


0*90 


1-1 


1-2288 


M 


0-0 


0-00 


O'OO 


0*00 


O'OO 


0*00 


0*000 


9 


1 


0*1080 


0-8 


1-9 


1*2083 


M 


0-0 


O'OO 


0*00 


O'OO 

1 


0-00 


0*00 


0*000 


14 




0*8474 


0-86 


8-02 


0-9494 

1 
I 


— 


— 


0-056 

1 


0*061 


0-064 


0*066 


0*067 


0*061 


• 
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Tabu 

Showing the Bbcobd of the Chemical Examinatiok 

Beeults stated in 



Dateol 


Appaumnoe. 


Reaction with 


Residue on 
Evaporation. 


Ammonia. 


Oxidised 
Nitrogen. 




and Of ^ 
wiUoit. 


Colour. 


1 Turbi- 
1 dity. 


Besidue. 


1 
1 


II 


• 

S 


1 
1 


i 


• 


Free. 


Albu. 
minoid. 


Total. 


AsNi. 
trites. 




1-8. 


S. 


4. 


6. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


13. 


14. 


16. 




18M. 






— 


Neut 


Neat. 


— 


6*0 


2-0 


4*0 


00026 


0*0060 


-. 


— 




. 16 


— 


— 


— 


»* • 


M 




70 


2-6 


4*6 


0*0040 


0*0180 


— 


— 




M 88 


— 


— 


— 


M 


ff 


— 


6-0 


40 


2*0 


0*0086 


0*0060 


— 


— 




M 88 


— 


— 


— 


M 


M 


Neut. 


60 


8-0 


80 


0*0080 


0*0220 


0*0288 


— 




Dee. 7 


— 


— 


— 


t> 


M 


n 


11*0 


6*6 


6*4 


0*0170 


0*0361 


01078 


— 




m I* 


P. 8tnw 


Slight 


Nil 


M 


M 


•1 


13-1 


6*3 


7-8 


0*0060 


0*0802 


0*0782 


— 


i 
I 


M 81 


M 


1* 


*• 


fl 


«» 


11 


7-6 


2-26 


6*26 


0*0180 


0*0240 


0*0000 


Nil 


T 


« 88 


•1 


M 


If 


•» 


M 


•• 


7-0 


4*0 


8*20 


0-0120 


0*0300 


0*0888 


It 


4 


1882. 
Jm.4 


M 


It 


Slight 


W 


M 


It 


6-9 


1-7 


4*20 


0*0006 


0-0116 


00266 


»» 




.. 11 


*l 


M 


Moss 


«» 


M 


•> 


«'6 


4*0 


2*60 


0*0040 


0*0410 


0*0906 


Traces 




M 18 


*• 


M 


Slight 


•t 


It 


»» 


6-0 


2*0 


3*0 


0*0060 


00186 


00482 


It 




« 86 


P. green 


»» 


*f 


M 


W 


II 


70 


8*6 


8*6 


0*0080 


0*0176 


00144 


m 




Feb.l 


P. stimw 


W 


ft 


H 


It 


M 


12-6 


7*0 


6*6 


0-0066 


0*0216 


0*0164 


m 




., 8 


f> 


H 


Moss 


M 


»t 




6-0 


1-8 


3*2 


0*0076 


00236 


0*0864 


NU 




« 15 


M 


t* 


SUght 


»• 


** 


•1 


6-0 


S'O 


2-0 


0*0090 


00641 


0*0780 


Tiaoes 




^ 88 


M 


M 


*• 


M 


tt 


H 


7*4 


4*0 


8*0 


0*0060 


0*0425 


0*0617 


■• 




H 89 


*• 


Great 


Moss 


M 


It 


tt 


7-0 


2*0 


6*0 


0*0040 


0*0286 


0*0827 


Nil 




Mar.7 


Bluiah 


Cleer 


Nil 


r> 


t* 


11 


6*0 


1-0 


6*0 


0*0066 


0*0170 


0-0886 


w 




. u 


Stnw 


Haiy 


H 


t> 


M 


H 


6*0 


2*0 


40 


0*0080 


0*0184 


0*0880 


Traces 




n 81 


w 


•• 


n 


w 


* 


•» 


7-6 


8*0 


4*0 


0*0054 


0*0162 


0-0897 


w 




*;« 88 


M 


w 


Slight 


Ptly. 
aeSL 


If 


Ft.lv. 
acid. 


5-0 


4*0 


1*0 


0*0088 


0*0330 


0*0806 


Nil 


1 


April* 


Blubh 


M 


M 


n 


■SI. 
add. 


1 
»• 1 

1 


8*6 


2-6 


1*0 


0*0868 


0*0614 


0*0069 


>• 




» 11 

1 


to 


»( 


»• 


1 


Neut. 


M 


8-5 

1 


2*6 


1*0 

1 


0'0078 

1 


0*0310 


0*0057 


m 
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II. 

of Water of Bbntham Spbing No. 2. 

Parts per 100,000. 



Oxym , 
absorbed 
fropa j Ohio- 

guiAteat rine. 
100* C. 



16. 



17. 



Hardnen. 



Total. 



18. 



Fixed. 



19. 



DiflMlved 


1 
Iron. 


Oxygeii. 




20. 


21. 



Acidity or alka- 
linity In Terms 

of c.c.^ NaflOOs 

or CO. ^0 fl^904 

required to 

neatraliselOOco. 

of the Water.* 

22. 



Plumbo-Bolvency aa shown by 

Amount of Le^d taken up in 

Samples. 



A. 

28. 



B. 

24. 



C. 

2& 



D. 



B. 

27. 



Tempeaa- 
tureof 
Water 
during 
Bzpen- 
meots 

recorded 

in Cols. 

28-27. 

28. 



0-1858 



0-1298 



0*0766 



0-1670 



0*8560 



0-2820 



0*1573 



0-1864 
0*7004 
0-M06 
0-5182 
0*5844 
0*4946 
0*8574 
0*8072 
0*2261 
0*1881 
•*7296 
0*7822 



10 



0*9 



10 



10 



1-0 



0*95 



0*6 



0*95 

0-75 

0*9 

0*85 

0*9 

0-9 

0*9 

0*8 

0*9 

0*9 

1*6 

1*1 



1*6 



2*9 



2*8 



4*0 



8*1 



2*9 



5*4 



0*4780 


0*5 


2-7 


0-1966 


0-9 


8-4 


0-2188 


0-9 


8-8 


0-0826 


0-9 


2-8 



5*4 
8*5 
2*8 
4*9 
4-0 
5*0 
2*7 
2*0 
8*1 
2*8 
4*2 
8*8 



01 



1*0 



0*0 



2*8 



2-4 



0*9144 
0*9594 



0*9278 
0*9041 
1-1909 
0*8525 
0*8947 
0-8849 — 



0*8284 
1*0655 
1*2269 
1*0987 
0*9718 



0*9158 



0*9086 



1*2715 



11741 



0*7426 



0*7516 



0*7516 



Nil ' 



M 



+0*5 



+0*12 



+0*07 



0*01 
0*04 
0*02 
0*04 
0*07 
0*00 
0*10 
002 
000 
0*04 
0-06 
0-04 
0-10 
0-06 
0*06 
0*00 
0*00 
0-04 
0*00 
0*06 
0*02 



0*01 



0*04 



002 



0-04 



0*06 



0*00 



0*06 



002 



0-00 



0*04 



0*08 



0*04 



0*10 



0*04 



0*06 



0*02 



0*00 



0-04 



0*06 



0*06 



0*02 



0*02 



0*10 



0*02 



0*04 



0-06 



002 



006 



0*04 



0*04 



0*04 



0*06 



0*04 



0*12 



0*05 



0*06 



0*02 



0*01 



0*04 



0*06 



0*06 



0*02 



0*02 0*01 



0*14 1 0*10 



0*02 



0*02 



0*06 0*06 



0*04 0*06 



0*04 
0*08 
0*04 
0*06 
0*06 
0*06 
0*04 
0*12 
0*05 
0*06 
0*02 
0*01 
0*05 
0*06 
0*10 
0'02 



0*04 
0*06 
0*02 
0*06 
0*06 
0-06 
0*02 
0*14 
0*06 
0*06 
0-02 
0*02 
0*04 
0*06 
0*12 
0*06 



C 



11 
17 
IS 
15 
14 
15 
16 
15 
14 
12 
19 
16 
16 
14 
16 
12 


16 
12 
16 

9 



* The sign + siffniies'positive acidity, and the sign - necatire Midity or alkalinity. 
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Table II.— 



Date Of 
Collec* 


Appearance 


. 


Reaction with 


Residue on 
Evapomtion. 


Ammonia. 


Oxidized 

Nitrogen. 


1 


tion 

and of 

Bxami. 

nation. 


. Colour. 


Turbi. 
dity. 


Residue. 


■ 


lo 


•3 

a 

J 


1 


8| 

1% 


1 


Free. 


Albn. 
minoid. 


Total. 


As Ni- 
trites. 


\ 


1-2. 


& 


4. 


6. 


6. 


7. 


ft. 


P. 


10. 


11. 


12. 


18. 


14. 


16. 




1892. 
AprillS 


Strew 


Hasy 


Peaty 


Ptly. 
acid. 


81. 
acid. 


Ftly. 
acid. 


6*0 


so 


80 


0*0068 


0*0468 i 0*0003 


Trace 




n 26 


— 


— 


— 


— 


— 




— 


— 


— 


— 


_ 


— 


— 


- 


May 2 


— 


— 


— 


— 


— 


. — 


— 


— 


— 


— 


— 


— 


— 




- 9 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 




• Ifl 


Stmw 


Clear 


Nil 


SI. 
add. 


Neut. 


SI. 
acid. 


4-7 


1*2 


8*6 


0*0038 


0'0128 


0*0181 


Nil 




^ 23 


ft 


*» 


M 


Neat. 


Pf 


Neut. 


6-6 


4 


1*5 


0*0016 


0*0191 


0*0316 


»f 




» ao 


t* 


i» 


M 


•» 


M 


»* 


60 


40 


1*0 


0*0044 


0*0180 ; 0*02S1 


Trace 




Junes 


m 


t» 


«• 


a* 


n 


» 


6*5 


4*0 


1*6 


0*0062 


0*0072 0*0092 


Nil 




• IS 


m 


m 


*» 


w 


M 


» 


4*0 


8*0 


2-0 


00110 


0*0072 0*0041 


It 


• 


« 20 


*» 


f» 


Slight 


•• 


>» 


*» 


40 


80 


10 


0*0068 


1 

00164 0*0288 Trace 

1 
1 




« 27 


M 


M 


«* 


m 


M 


•> 


4*0 


3*0 


1-0 


0*0062 


0-0108 00180 ' Nil 




July 4 


m 


M 


•• 


M 


*» 


>» 


6-0 


SO 


20 


00056 


0*0166 0*0364 


t» 




• n 


w 


J* 


** 


*» 


•r 


»* 


6*0 


4*0 


1*0 


0*0028 


0*0418 


0*0164 


» 




i, IS 


m 


*» 


Nil 


•f 


«• 


*f 


60 


4*0 


1*0 


00018 


0*0104 ' 00184 

1 


M 




« 26 


m 


M 


w 


M 


M 


■f 


6*0 


6*0 


10 


0*0028 


0*0067 0*0238 

1 


n 




Aug. 1 
» IB 


M 


Cloudy 


•» 


n 


N 


•* 


8*0 


7*0 


1*0 


0*0660 


1 
0*0908 0*0160 

• ! 


t* 






— 


— 


— 





— 


— 


— 


— 


— 




— 


— 




.. 22 


— 


— 


— 


— 





— 


— 


— 


— 


— 


— 


— 


— 




« 2» 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


^^" 


— 


— 




Sept. 6 


Straw 


Clear 


Nil 


Neut 


Neut. 


Neut. 


8-0 


2*6 


0-6 


00044 


0*0088 


0*0206 


Nil 




* 12 


M 


«f 


u 


M 


M 


» 


4*0 


3*6 


0*6 


0*0038 


0*0027 


— 


t» 




« 19 


»f 


Haiy 


Moss 


W 


M 


M 


0*5 


0*0 


0*6 


0*0068 


0*0384 


00864 


• 




•» 26 


• 

n 


Clear 


Nil 


»f 


n 


*» 


4*0 


1-0 


30 


0*0044 


0*0066 


0*0387 


Trace 




Oct. 8 


m 


ft 


w 


r« 


*f 


• f 


8*0 


2-fi 


0*6 


0*0060 


0*0190 


0*0818 


Nil 
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continued. 






Hardness. 


Chlo. 




rine. 


Total. 


Vixed. 


17. 


18. 


19. 



Dissolved 
Oxygen. 

20. 



Acidity or ftlka- 
Uiiity in Terms 

mm 

of cc^QNa^COs 

Iron. ' ft _ ^,^ 

, or C.C ~ IItSO« 

I required to 
.neutralise 100 CO. A. 
of the Water.* 
21. I 22. 



1*6M0 



0*1918 0*85 



1-0 



0*2000 0'9G 



d-STOS 
<I'SM4 



1-10 
0'90 



0*2268 0*90 



6-40S8 
0*2468 
0*4766 
0*1688 
0*2142 
02S50 
0*6774 



0*1804 
0-1774 
0-2188 
0*8814 
0*6040 



2*8 



8*0 

3*8 
2*5 
1-6 



1*8 



1*4 



8-8 



0*9614 



0-9007 



0*0802 



1-6 1-1608 



0*8 



1*1042 



1*0 0*8 1*1609 



0*6 I 1-2 



0*66 

0*9 

0*876 

0-86 

0*7 

0*96 



0-06 



1*0 



1*1 



1*0 



0*06 



1*4 
2*0 
1*65 



0-9 
0*4 
1-7 
1*0 



8*24 0*37 



8-24 



0-7 



8*84 8*10 



1*0278 
1*0307 
1*3784 
1-1647 
1-4214 
1*8547 
0-6616 



8*62 



6-08 



4-84 



8-04 



8*10 



8-62 



1*82 



8*24 



3*64 



2-10 



1-2004 



0*9960 



0-9908 



1*8807 



1-1950 



Plumbo-solviincy as shown by 

Amount of Lead taken up in 

Samples. 



23. 



B. 
24. 



C. 
25. 



D. E. 
26. ' 27. 



Xil 



Nil 



•I 



** 



Nil 



•fO'08 



+0*04 

-0-05 

-0-08 

-0-006 

-0-02 

-0*06 

-0*05 

-0*80 

-0-80 

-0-25 

-0*26 

-0*076 



-0*0065 



0*05 



-0*06 



-0-06 



-0*06 



Tempera- 
ture of 
Water 
during 

Experi- 
ments 

recorded 

in Cols. 
28-27. 

28. 



0*06 


0*02 


0*08 


0*02 


0*08 


'C. 

11 


0*00 


0-00 


0*02 


0*04 


0*04 


IS 


000 


0*00 


000 


0*00 


0*00 


10 


0*00 


0*00 


0*00 0*00 


0*00 


20 


0-00 


0*00 


0*00 


0*00 


000 


20 


1 
O'OO 1 0*00 


0-00 


0*00 


000 


18 


01 


0*1 


0*1 


0*1 


0*1 


14 


00 


0*0 


00 


0*0 


0*0 


17 


1 
0*02 0*02 


0*02 


0*02 


0-08 


18 , 


1 

0-0 : 0*02 


0*02 


0*02 


0*06 


16 


002 


O'OS 


0*02 


0-02 


00 


17 


0*0 


00 


1 
0*0 0*0 

1 
1 


0*0 


17 


002 ! 0*02 

1 


0*08 


0*02 


0*08 


80 




— 


— 


— 


— 


- 


— 


— 


— 


— 




^^^ 


— 


• 


— 


- 


— 


• - 


— 


— 


— 


— 


— 


- 


0*0 


00 


0*18 


0-12 


0*18 


10 .. 


0*0 


0*0 


0*0 


0*0 


0-0 


IT/: ► 


0*0 


00 


0*0 


0*0 


0*0 


18 „ 


0-0 


0*0 


O'O 


00 


0-0 


!• ^ 


0*0 


0*0 


0-0 


0*0 


0-0 


te . 



* The sign -i- signifies positive acidity and the slfrn - negative acidity or alkalinity. 
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Date of 
Conec- 
tion 
and of 
Exami- 
nation. 



1-8. 



Appearance. 



Colour. 



8. 



Turbi- 
dity. 



4. 



Residue. 



S. 



Beaotion with 



i 



8. 



^i 



7. 



Q 



BMidne on 
Eraporation. 


Total. 




Fixed. 


9. 1 


10. 


11. 1 



Ammonia. 



Table U. 



Ozidiaed 
Nitrogen. 



Free. 



12. 



Albu- 
minoid. 

18. 



Total. 



14. 



AsNi. 
tritei. 



18. 



1898. 
Oct. 10 



17 



84 



31 



Not. 7 



14 



*» 



81 



Dec 5 
« 18 



Straw 



*> 



Colourless 



Straw 



Grey 



Straw 



Clear 



Hasy 



aear 



Haqr 



•* 



Clear 



*• 



19 



« as 

1806. 
Jan. 8 



' w 88 

m 80 

Feb. ^ 
M 18 



87 



. 6 



U 



17 



Colourless 



Haay 



Straw 



NiL 



*» 



i> 



Neut 



Nem. 



t« 



•» »» 



(f 



»» 



t> 



Colourless 



Straw 



Oolourless 



•• 



M 



Clear 



Hazy 



n 



Clear 



Otoar 



Haiy 



Clear 



Slight 



Slight 



Slight 



ft •» 



»f 



Neut. 


7'6 


7*0 


>f 


6-0 


4*6 


M 


5*0 


4*6 


If 


6*6 


60 


M 


4-0 


8*6 


*f 


60 


4-6 


M 


6*5 


5-0 


M 


6-0 


4-0 


It 


6-0 


4-5 


•« 


5-0 


4-6 


r» 


5*6 


5-0 


»* 


4-6 


4-0 


ft 


6-0 


4-5 


tl 


4*6 


4-0 


*• 


6-0 


4*6 


•f 


60 


4*6 


w 


60 


4-6 


n 


60 


4*6 


■• 


6-0 


4*6 


•» 


80 


8-6 


•t 


7-0 


6-6 


u 


6-0 


4-6 


N 


4-0 


8*5 


W 


6*0 


4*6 


It 


60 


4-6 



0*6 



4>'6 



<»-6 



0-6 



0-6 



0-6 



0-6 



1-0 



0-6 



0-6 



0-6 



0*6 



0*6 



0-6 



0-5 



0*6 



4)-6 



0-6 



0*5 



0*6 



0-6 



0*6 



0-6 



0*6 



0*6 



0*0014 



0*0060 



0-0040 



0*0046 



0*0088 



0*0074 



0*0048 



0*0080 



0*0088 



0*0021 



0*0908 



0*0048 



0*0088 



0-0088 



0*0044 



0-0026 



0*0044 



0*0048 



0-0044 



0*0020 



0*0040 



O-0087 



0* 



0*0088 



0*0072 


0*0887 


Tiaoe 


0-0178 


0*0289 


Nil 


0-0248 


0-OSll 


n 


0-0260 


0*0477 


Tiaoe 


0*0142 


00847 


M 


00166 


0*0862 


H 


0*0194 


0*08876 


Nil 


0*0002 


0*01817 


Trace 


0128 


0*01976 


NU 


00114 


0*0000 


n 


0*0090 


0*01168 


Trace 


0*0144 


0*01817 


NU 


00164 


0-02876 


M 


0*0160 


0-01664 


W 


0*0144 


001976 


*• 


0*0098 


0*08047 


M 


0*0206 


0-01811 


** 


00148 


0*0000 


m 


0-0068 


0-08888 


Trace 


0*0100 


0*0000 


NU 


0-0170 


0*08602 


n 


0*0148 


0*01886 


M 


0-0184 


0*00164 


•• 


0-0064 


0*00788 


M 


0*0176 


0*00000 


M 
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— continued. 



absorbed 
from 



RMiateat 



16. 





H«nln«m. 


Chlo- 
rine. 










TotoL 


Fixed. 


17. 


18. 


19. 



DiMolTed 
Oxygen. 



20. 



O'SffS 


0-65 


1-96 


1*96 


1-2919 


0-44tt 


0*65 


2*80 


8*80 


1*4666 


O'SOM 


1-0 


S-22 


8*82 


1*4867 


0'1886 


1-05 


2-66 


2*66 


1*0109 


0*S482 

• 


0-85 


4-68 


2*80 


1*0855 


O'SSM 


0*975 


S'22 


2-94 


0*9406 


0-8006 


0-96 


0-S2 


0*88 


0*971 


O'SSOB 


0*05 


0*52 


0-48 


1*099 


0-4876 


1-06 


0*30 


0*89 


1*078 


0-2574 

! 


0*96 


0-64 


0*89 


0*962 


1 

0-1864 


0-96 


0-42 


0-80 


1*186 


0-S872 


1*06 


0*61 


0-60 


0*864 


0*0274 

1 


1-06 


0*60 


0-85 


0*844 


0-0616 


1'05 


0-4S 


0-48 


1*068 


0-0614 


0*8 


4-95 


4-85 


1*0869 


0-9614 


1*05 


4-28 


4*22 


1*8269 


0*1402 


0*975 


6-S8 


6-88 


0*8850 


0-0864 

1 


0*775 


4-07 


4*07 


1*8280 


0-0136 


0*86 


4-86 


4*85 


1-0864 


< 0*2260 


0-975 


4-86 


4*85 


0'8685 


0*1924 


1*06 


4*91 


2*8 


1-0664 


0*1958 


1-10 


5-88 


5-83 


1*0009 


0-0600 


0-96 


5*61 


6-61 


0'0419 


01924 


1*06 


5-61 


5*61 


0-9645 


0*1600 


0-96 


5*81 


6-19 


0-9916 



Iron. 



21. 



Acidity or Allub- 
linity in Terma 

ofcc^KaaOO, 

orcc. ^ H^« 
10 

required to 

neutndiielOO cc 

of the Water.* 

22. 



FIumbo-iolTenoj u shown by 
Amount of Lead taken up in 
Bamplet. 



A. 
28. 



B. 



C. 



24. 26. 



D. 
26. 



E. 
27. 



Tempera- 
tore of 
Water 
dorinfl: 

Expen- 
m^t4 

reoordedi 
in Gels. 
28-27. 

28. 



Nil 



H 



»» 



Trace 



Nil 



-0-06 

-0-2 

-0-8 

-0*15 

-0*15 

-0*15 

-0*2 

-0*85 

-0'175 

-0*160 

-0*25 

-0*26 

-0*26 

-0*16 

-0*16 

-0*16 

-0*26 

-0*85 

-0-285 

-0*20 

-0*25 

-0*16 

-0*15 

-0'15 

-0*25 



0*0 


0-0 


0*0 


0*0 


0*0 


0*0 


0-0 


0-0 


0*0 


0-0 


0-0 


0*0 


0*0 


0*0 


0*0 


0*0 


0*0 


0*0 


0*0 


0*0 


0*0 


0*0 


0*0 


0*0 


0*0 


00 


00 


0*0 


0*0 


0*0 


0*0 


0-0 


0*0 


0*0 


0-0 


0*0 


0*0 


0-0 


0*0 


0*0 


0-0 


0*0 


0*0 


0*0 


0*0 


0-0 


00 


0*0 


0*6 


0*0 


0*0 


0*0 


0*0 


0*0 


0*0 


0-0 


0-0 


0*0 


00 


0*0 


0-0 


00 


0*0 


0-0 


0-0 


0-0 


0-0 


00 


0*8 


0-0 


00 


0-0 


0-0 


0-0 


0*0 



0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0-0 
0-0 
0-0 
0-0 
0-0 
0*0 
0-0 
0-0 
0*0 
0*0 
0-0 
0-0 
0*0 
00 
00 
0*0 



0*0 
0-0 
0*0 
0*0 
0*0 
0*0 
0*0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0-0 
0*0 
0*0 
0*0 



•c. 

14 

u 

9- 
14 
46 
17 



. '6 



11 



15 



13 
13 
14 
82 



0*0 I 12 



0*0 



0-0 



0-0 



0-0 



0*0 



0-0 0*0 



M 

14 
13 
10 
16 
10 



• The sign + signifies pomtiTe acidity, and the sign — negative acidity or alkalinity. 
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Tjialk 

Showing the Record of the Chemical Examination 

Uesnlts stated in 



Date of 
CoUeu* 
tion 
and of 
Exami- 
imtion. 



Appearaaoe. 




B«u^ilanwith j ^^^,^ 



1892. 
Mar. 28 



April 4 



11 



IS 



P. blue 



P.stmi 



** 



25 



May 2 



V.P. straw 



» 16 
« 2S 
M 90 

June 6 
„ 15 
» 20 
« 27 

July 4 

n 11 

M 18 

• 26 
Aug. 1 

a 8 

« IB 

« 22 

» 29 



»i 



P. itraw 



V.P. straw 



P. straw 



Clear 
Haiy. 

.Clear 
Hasy 

Clear 



>t 



Dk. straw 



P. straw 



y.P. straw 



P. straw 



Straw 



P. amber 



V.P. straw 



P. straw 



Straw 



I* 



^Slightly 
hasy. 



Clear 



V,sUgbtly 

Slightly 
hasy. 

VjBlightly 
hasy. 

migfatly 
hasy. 

Clear 



NU 



T. slight 



Slight 



V. slight 



None 
Nil 



Slight 



SI. al. 
AL 



M 



Neut. 



SLal. 
Al. 



Neut. 



Sl.al. 



Neut. 



SLal. 



Neut. 



V.sl. 
al. 

Neut.! 



Sl.aL 



Neut 



SLal 



Neut. 



I 



V. slight 



w 



7* 



*• 



Nil 



t« 



•i» 



Slal. 
Al. 



Neut. 



Sl.al. 



Neut. 



V.sl. 
al. 

Neut. 



» 



Sl.al. 



Neut 



f» 



M 



ft'O 
3*4 
5*5 
S'6 
7*0 
4*5 
2*0 
4*6 
7-3 
7-0 
60 
5*0 
6'6 
7*0 
6-0 
8-0 
6-0 



80 
1-7 
4*6^ 

1-6 
80 
8*6 
1*0 
2*0 
6*8 
6*0 
3*0 
4*0 
4*5 
6*0 
8-0 
7*0 
4*0 



4*0 3*0 



6-0 



e-o 



9-0 



30 



7*0 



80 



60 



8*0 



2*0 



e-0 



2-0 

1*7 
1*0 
2*0 
4*0 
1*0 
1*0 
2-6 



Ammonia. 



Oxidiied 
Nitrogen. 



„„^ , AlbU- 1 m-tnl I ^* ^'* 



minoid. 



I 



12. 



18. 



14. 



0*0040 
0*0080 
0*0042 
0*0028 
0*0012 
0*0075 
0*0060 
0*0028 



1*0 0*0081 



1*0 



2-0 



1*0 



1*0 



1*0 



3*0 



1*0 



1*0 



1-0 



ro 



1*0 



10 



1*0 



1*0 



00012 



0*0062 



0*0016 



0*0072 



0*0066 



0*0066 



0*0068 



0*0046 



0*0106 



0*0246 0*0103 



0*0132 



0*00S4 



0*0040 



0*0102 



0*0126 



0*0134 



0-0228 



0*0379 



0*0004 



0*0296 



0*0829 



0*0201 



0*0407 



0*0182 



0*0700 



0*0134 0*0123 



0*0129 



0*0074 



0*0184 



0*0148 



0*0174 



O'OUO 



0*0263 



0*0107 



0'0206 



0*0387 



0*0548 



tntes. 



16. 



Nil 



trace. 
Nil 



Trace 



Nil 



81. 
trace. 

Nil 



Trace 



Nil 



Trace 



Nil 



I* 



0*0022 


0*0076 


0*0020 


0-0133 


0*0040 


0-0170 


0-0040 


0*0144 


0*0062 


0-0066 


00030 


00062 



0*0667 


M 


0*0300 


m 


0*0181 


» 


0*0288 


M 


0*0016 


M 


00172 


A trace 


0-0461 


NU 


0*0119 


u 



15 



III. 

of Water of Bright Stke Stbeau. 

Parts per 100,000. 





Oxywn 
Absorbed 

from 
Perman- 

ganaieat 

100* a 

16 


Chlo. 
rine. 

17. 


Hardness. 


Diisolred 
Ozygen- 

. 20. 


Iron. 
21. 


Aeiditjr or AlkA- 
linliy in Terms 

ofo.c.^Na«COs 
or 0.0. ^ Ua804 

required to 

neatralise 100 cc 

of tbe Water.* 

22. 


Plumbo^olvency t 

▲mount of Lead 1 

Sample) 


LS shown by 
aken up in 


Tem)wra- 

Water 
dnrinc 
Bzpen- 

ments 

Noorfled 

inOoia. 

83>87. 

88. 




Total. 
18, 


Fixed. 
19. 






A. 

23. 


B. 
24. 


c. 

26. 


D. 

86. 


B. 
27, 




0-0686 


\-oo 


1-0 


0*0 


1*1226 


NU 


-0-4 


0*0 


0-0 


0*0 


0*0 


0*0 


•0. 
12 




O'MM 


1-10 


S'l 


2*2 


1 
1*1086 


M 


-0-2 


0*0 


0*0 


0-0 


0*02 


0-08 


16 




0*6666 


1-086 


2*6 


8*0 


1*0760 


>f 


-0*6 


0*0 


0-0 


0*0 


0-0 


0-0 


8» 




0-2668 


1*06 


2*9 


1*3 


1*0976 


f* 


-0-2 


0*0 


0-0 


0*0 


0-0 


00 


11 




0-1646 


0*96 


8*6 


1-9 


1-8466 


m 


-8*4 


0*0 


00 


0-0 


0-0 


0-0 


18 




0-1664 


1-00 


2*1 


1-0 


1*0074 


n 


-0-3 


0*0 


0*0 


0*0 


0-0 


0*0 


10 




0-16B2 


0*90 


1*9 


1-7 


1-0862 


» 


-0-1 


0*0 


0*0 


0-0 


0*0 


0*0 


12 




0-2928 


1*06 


2-4 


1-3 


1-18«8 


t» 


-0*1 


0*0 


00 


0-0 


0*0 


00 


14 




0*2620 


106 


3-1 


1-7 


1*1810 


m 


-0*36 


0*0 


0-0 


0*0 


0-0 


0*0 


16 




0-S664 


1-10 


2-1 


1*2 


0*9602 


«• 


-0*3 


0*0 


0-0 


0-0 


0-0 


0*0 


88 




0-2806 


1-00 


20 


0*6 


1*0846 


M 


-0*35 


0*0 


0*0 


0*0 


0*0 


0*0 


14 




0-2802 


0*06 


1-0 


0*6 


1*2170 


<t 


-0:16 


0-0 


0-0 


0*0 


00 


00 


14 




0*7640 


0-90 


1*40 


0*8 


1*1898 


M 


-0*16 


0-10 


0-12 


0*18 


0*18 


0*12 


14 




0*2866 


0-70 


1*06 


0*4 


1*1888 


•f 


-0*20 


0-04 


0*04 


0*04 


0-04 


0-04 


17 




0-6412 


0*90 


2-4 


0-8 


1*3784 


" 


-0-30 


0*02 


0-02 


0-08 


0*08 


0*02 


18 




0-4116 


1-00 


2-6 


2*4 


1*1980 


M 


-006 


0*02 


0*02 


0-08 


0*08 


0*08 


16 




0*8316 


1*00 


1*64 


1*64 

• 


0*0197 


M ' 


-0*45 


0*0 


0-0 


0*0 


0*0 


0*0 


18 




0-8724 


1-10 


2-66 


8*66 


riosi 


.^» 


-0-35 


0*0 


0-0 


0*0 


0-0 


0*0 


17 




0-3884 


0*70 


2*66 


2*66 


1*2464 


tf 


-0-26 


0*0 


0*0 


0*0 

• 


0*0 


0*0 


If. 




0-8468 


0-06 


3*60 


3*60 


1-3066 


»• ' 


-0-1 


0*0 


00 


0*0 


0*0 


0*0 


18 




0-3868 


0*96 


3*42 


8*12 


1-1738. 


H 


-0-2 


0-0 _ 


0*0 


0-6 


00 


0*0 


16 




O'SttO 


0-96 


8*18 


1*26 


1-1738 


I* 


-0*2 


0-8 


00 


0*0 


0*0 


<*0 


18 




0-8804 


0*86 


2*10 


2-10 


1-2900 


\» • 


-0*16 


0*0 


0*0 


O'O 


0-0 


0*0 


17 



t The sign + ligniilei podtiTe acidity, and the sij^n ^negative idditgr or alkalinity. 
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Table 



Collec- 


Appeaimnoe. 


Beactton with 


Reddaeon 
BTapoHbtion. 


Ammonia. 


Oiidiied 

Nitrogen. 


1 

r 


tion 
and of 
Bzamt- 


Colour. 


Tarbi. 
dltj. 


Residue. 


• 

] 


II 


^ 


S 




U 


Free. 


Alba, 
miooid. 


TotaL 


As Ni- 
trites. 




)-i2. 


3. 4. 


6 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


18. 


14. 


16. 




U8B. 
Sept. 6 


Straw 


Clear 


NU 


Neut 


Neat. 


Nent 


6-6 


8*0 


0*6 


0-0048 


0*0104 


0*0684 


NU 




n 18 


Yellow 


M 


M 


H 


M 


•• 


4-0 




0*6 


0*0189 


0-0130 


0*0889 


Present 




M 19 


P. straw 


M 


*» 


M 


»t 


M 


6*6 




0-3 


0-0062 


0*0280 


0*1070 


Atraoe 




« te 


Straw 


•• 


f» 


*• 


M 


H 


4-0 




1*0 


0*0083 


0*0196 


0*0829 


Nil 




Oct. 3 




W 


n 


M 


M 


fl 


6-0 




0-6 


0*0048 


0*0222 


0*0381 


» 




^ 10 


M 


M 


M 


m 


»» 


n 


3-6 




8*6 


0*0028 


0*0138 


0:041l 


M 




» 17 


«• 


V.sUghtl7 
haxj. 


f* 


M 


N 


M 


10*0 




4*0 


0*0036 


0*0188 


0*0287 


M 




« M 


V.P. straw 


Clear 


M 


M 


«• 


M 


4*6 




0-6 


0*0068 


0*0188 


0*0486 


Atraoe 




N 31 


Straw 


V.slightly 


W 


M 


ft 


M 


8*8 




0-6 


0-0088 


0*0258 


0*0461 


m 




Nov. 7 


P. straw 


ff 


W 


M 


*f 


n 


6*0 




0*6 


0-0084 


0*0148 


0*0312 


%* 




« 14 


Straw 


Haqr 


Slight 


W 


M 


M 


6*0 




0-6 


0*0068 


0*0136 


0*0582 


»9 




H «1 


P. straw 


y.S.haqr 


None 


M 


M 


f» 


4*6 




0-6 


0-0046 


0*0188 


0-01729 


A trace 




» 28 


Straw 


Clear 


n 


M 


M 


»t 


6*0 




0-6 


0-0038 


0-0186 


0*08211 


Present 




Deo. S 


'1 


8. hasy 


w 


«• 


n 


M 


60 




0-6 


0*0038 


0-0104 


0*02652 


Nil 




n 12 


V. P. straw 

• 


V.S. haiy 


w 


•* 


tf 


M 


4-6 




0-6 


0-0018 


0*0868 


0-00000 


Cousid- 
erable 




,. 19 


Straw 


»f 


•» 


M 


»* 


M 


5*0 




0-6 


0240 


0294 


0*00000 


Nil 




m 28 


T. P. straw 


M 


«• 


M 


M 


M 


6*0 




0-5 


0*0088 


0*0098 


0*01817 


S. trace 




189** 
Jan. 2 


*• 


1* 


M 


M 


M 


M 


6-0 




0-6 


0*0030 


0*0066 


0*08068 


Nil 




n' 9 


»t 


•t 


M 


M 


»» 


M 


6*0 




0-6 


0-0022 


0*0074 


0*01564 


M 




M 16 


If 


M 


— 


M 


l» 


» 


4-6 




0-6 


0*0040 


0-0060 


0*01976 


>• 




« 23 


P. straw 


M 





M 


H 


M 


4*6 




0*6 


0-0038 


0-0140 


0-06106 


Atraoe 




. 30 


t> 


S. hsBj 





•• 


»• 


U 


6*0 




0-6 


0*0044 


0-0880 


0-01400 


Nil 




Feb. 6 


V.p; straw 


V.S. hasy 


— 


>• 


M 


M 


6-0 




0-6 


0*0048 


0*0088 


0-00000 


- 




u 13 


• 

P. Straw 


Clear 





»» 


» 


tf 


6*0 




0*6 


0*0060 


0*0164 


0-08128 


I* 




« 20 


Straw 


f» 


— 


>f 


M 


f 


6*0 


*"'i 


0-6 


0*0066 


0*0176 


0-04940 


M 





17 



continued. 



Oxygen 
absorbed 

from 
Perma]t- 
ganiiteat 

100° C. 



16. 



Chlo. 



nne. 



0*4696 



0'7d56 0*90 



0-34Q9 



0*5396 



0*7486 



0*4824 
0*2538 
4>'2102 

0*3680 

I 

0*3742 
I 0*2744 
0*4618 
0*2074 
0*6424 
0*6306 
0*1980 
0*0182 
0*1204 
0*1250 
0*3076 
0*86S8 

» 

0*0658 
0*1098 
0*3768 



17. 



Hardness. 



Total. 



18. 



Fixed. 



19. 



DifisoWed 
Oxygen. 

20. 



Iron. 



21. 



Acidity or Alka- 
linity in Terms 

of C.C. jq Na«G03 

or 0.0. ^ HaSO« 
10 

required to 

neutralise 100 ce. 

of the Water.* 

22. 



Plumbo-solToncy as shown by 

Amount of Lead taken up in 

Samples. 



A. 
23. 



B. 
24. 



C. 

26. 



D. 
26. 



B. 
27. 



Tempera- 
ture of 
Water 
during 

Bxpen* 
ments 

recorded 

in Cols. 
23-27. 

28. 



1*06 



1*10 



1*06 



0*95 



0*4794 1*15 



0*80 

1*00 

100 

0*90 

1*00 

1*00 

1*00 

0*86 

1*06 

0*96 

1*16 

0*96 

1*00 

0*70 

1*05 

1*00 

0*926 

1*00 

0*950 





. 






2*52 


2*52 


1*2804 


Nil 


3*08 


2*52 


1*2179 


•I 


8*71 


3*22 


1*2034 


It 


4*07 


4*07 


1*1981 


n 


2*88 


2*10 


1*2435 


n 


2*68 


2*62 


1*3016 


n 


4*85 


8*64 


1*4469 


M 


8*82 


3*22 


1*3694 


It 


3*64 


3*S6 


1*1272 


M 


3*85 


3*16 


1*4440 


•* 


8*08 


3*08 


1*3471 


M 


3*3 


2*5 


1*405 


M 


4*6 


4*6 


1*340 


•* 


35 


3*6 


1*281 


II 


6*8 


5*3 


1*340 


II 


2*6 


2*6 


1*194 


M 


6*0 


60 


1*897 


M 


3*6 


3*6 


1*416 


U 


3*6 


3*5 


1*261 


W 


2*80 


2*80 


1*0369 


II 


8*22 


6*31 


1*3404 


»» 


6*61 


6*61 


1*2653 


n 


3*50 


4*49 


1*3423 


ti 


8*60 


3*50 


1*2573 


II 


3*60 


5*61 


1-2183 


II 



-0*15 

-0*10 

-0*10 

-0*5 

-0*1 

-0*2 

-0*45 

-0*26 

-0*15 

-0*2 

-0*2 

-0*25 

-0*20 

-0*25 

-0*26 

-0*15 

-0*30 

-0*25 

-0*25 

-0*25 

-0*25 

-0*20 

-0*276 

-0*20 

-0*20 



0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0-0 
0*0 
0*0 
O'O 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0-0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 



0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 

0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0-0 
0*0 
0*0 
0*0 
0-0 
0*0 
0*0 
00 
0*0 
0*0 



0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
00 
0*0 
0*0 
0*0 
0*0 
0*0 
0-0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 



0*0 0-0 



0*0 



0*0 



0*0 



0*0 
00 
0*0 
0*0 
0*0 
00 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0*0 
0-0 



0*0 0*0 



0*0 



0*0 



0*0 



0*0 



0*0 
0*0 
0-0 
0*0 
0*0 
0*0 
00 
0*0 
0*0 
0*0 
O'O 
0*0 
0-0 
00 
0*0 
0*0 
0*0 
0*0 
0*0 



0*0 



0*0 



0*0 



0*0 



0*0 



16 
18 
16 
18 
15 
14 

11 

8 

14 
14 

17 

9 

10 

9 

11 

15 



13 



13 



14 



22 



12 



14 



* The liga + lignifles positive acidity, and the sign - negative acidity or alkalinity. 



B 88578. 



B 



18 



- 


- 




















1 


Iable III.- 




Bste.of 
Collec- 


Appeaianoe. 


Reaction with 


Residue on 
Evaporation. 


' Ammoaia. 


Oxidised 

Nitrogen. 




tion 

and of 

Bzami. 

nation. 


Colour. 


Tnrbi- 
dity. 


Rnidne. 


1 


II 




1 


Loss on 
Ignition. 


1 


Fkiee. 


Alba- 
minoid. 


Total. 


AsNi- 
tntes. 


1-2. 


8. 


4. 


0. 


«. 


7. 


8. 


9. 


10. 


11. 


18. 


18. 


14, 


15. 




1898. 
Feb. 27 


y.P.itraw 


Clear 


— 


Neut. 


Neut. 


Neut 


6-0 


4*0 


0-6 


0-0014 


0*0100 


0*08047 


1 
Atraoe 


Mar. 6 


P. straw 


V.S.ha^ 


— 


M 


•* 


w 


5*0 


4*6 


0*6 


0*0028 


0*0186 


0-08800 


Nil 


m IS 


y. P. straw 


M 


- 


W 


M 


«* 


8'8 


80 


0*6 


0*0028 


0*0104 


0*01647 


n 




.. 20 


Strawtinge 


*• 


— 


M 


M 


w 


6*0 


4*8 


0*6 


0-0086 


0*0090 


0*08288 


m 




n 27 


V. P. straw 


M 


— 


M 


n 


w 


6-5 


ft*0 


0*8 


0*0064 


O'OOOO 


0-0000 


n 



































TaBL£ 

Showing tho Rkcobd of the Chemical Examination 

Results stated ia 



Bate of 
Collec- 


Appearance. 


Reaction with 


Residue on 
Evaporation. 


Ammonia. 


Oxidised 
Nitrogen. 




tion 
and of 

nation. 


Colour. 


Turbi- 
dity. 


Residue. 




Methyl 
Orange. 


••* 

o 


_• 


§1 


i 


Free. 


Albu- 
minoid. 


Total. 


As Ni- 
trites. 


1-2. 


3. 


4. 


S. 


6. 


7. 1 


8. 


9. 


10. 


11. 


12. 


13. 


14. 


15. 




1881. 

Kor. 9 


— 


— 


^^tm 


Add 


Add 


— 


— 


— 


— 


0*0068 


0*05i« ' — 

1 






n 16 


— 


— 


— 


»i 


M 


— 


— 




— 


O'OOIS 


0*0380 


'"'"' 


— 




„ 23 


— 


— 


— 


m 


M 


— 


8*0 


60 


2*0 


0*0018 


00440 


— 


- ■ 




^ 80 


— 


— 


— 


M 


»• 


Acid 


16*0 


13*0 


2*0 


0*0018 


0*0380 


ooias 


- 




Dec. 7 


— 


— 


— 


t* 


*» 


*f 


60 


4*6 


1*6 


I 

00167 


0-0398 


0-0846 


- 




.. 14 


Amber 


Clear 


SUght 


m 


n 


i* 


6*8 


3-8 


20 


0*0070 


00268 


0*000 


NU 




. 21 


m 


Mneb 


Peaty 


M 


.» 


M 


9*6 


6-2 


3*8 


0-0045 


0*1060 


0*0148 


w 




. 28 


M 


Clear 


Slight 


» 


n 


M 


9*0 


6*0 


8*0 


0*0100 


0*0510 


0*0088 


1* 




1892. 
Jan. 4 


Brown 


Much 


Peaty 


Neut. 


Neut. 


Neut. 


9-6 


6*5 


3*0 


0*0098 


0-2744 


OO70O 


n 




n 11 


Amber 


Slight 


»* 


Acid 


Acid 


%» 


14-8 


9-6 


6*3 


0*0220 


0-2170 


0*2696 


m 




n 18 




— 




— 


-- 


— 


— 


1 
t 


1 


— 


t 


— 


• 
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continued. 



Oxygen 
Absorbed 

from 

Porman- 

gazukfeeat 

JOO»C. 



16. 



Chlo- 
rine. 

17. 



Hardnesa. 



Total. 



18. 



Vized. 



19. 



Dissolyed 
Ozyijfen. 

90. 



Iron. 



81. 



Acidit jr or Alka- 
linity in Terms 

ofc.c.^?Na,00, 

or cc. ^ HaSO« 

reqaii^ to 

neutraliBfi 100 cc. 

of the Water.* 

sa. 



Flumbo^olvenoy as shown by 

Amount of Lead taken up in 

Samples. 



A. 

2a. 



B. 
24. 



C. 
2C. 



D. 



E. 
27. 



Tempera- 
ture of 
Water 
during 
Bxperi-^ 
ments 

reoorded 

in Cols. 

2»-27. 

28. 



01250 


1-05 


6*38 


4-91 


1-2068 


A trace 


0-3768 


0'9S 


1-96 


6-81 


1*2284 


:nu 


0*2862 


106 


2' 10 


8*60 


1-2088 


%a 


0*2600 


106 


4-07 


4-68 


1-2394 


t> 


0'180O 


I'OO 


4-91 


8*64 


1*2822 


M 



-0*20 
-0*20 
-0-16 
-0-86 
-0-26 



0-0 


O'O 


DO 


t 

0*0 


0*0 


0*0 


0*0 


00 


0-0 


0*0 


0*0 


00 


0*0 


0*0 


00 


00 


00 


00 

1 


00 


0*0 


0-0 


0-0. 


0*0 


00 


0*0 



'C. 
14 

. » 

16 

I 

16 

t 

19 



IV. 

of the Water of Bbnthah Peat Pool. 
Parts per 100,000. 



Oxygen 
absorbed 

from 
Pemum- 
ganateat 

100" C. 



16. 





Hardness. 




■ 


Chlo- 
rine. 




Dissolved 
Oxygen. 


Iron. 








Total. 


Fixed. 






17. 


18. 


19. 


20. 


21. 



Acidity or Alka- 
linity in Terms 

ofc.c.^Na,COa 

or cc ^ H»804 

required to 

neutralise 100 cc 

of the Water.* 

22. 



Plumbo-solvenoy ss shown by 

Amount of Lead taken up in 

Samples. 



A. 
23. 



B. 
24. 



C. 



D. 
86. 



E. 



Tempera- 
ture of 
Water 
durii^^ 
Experi- 
ments 

recorded 

inOc^ 

28-27. 



27. I 28. 



— 


1-00 


1*6 


— 


0*9429 


— 


2*2306 


1*10 


— 


— 


0-82S9 


— 


2*1888 


1*10 


2*7 


— 


— 


— 


2*3628 


1*00 


4-0 


— 


0*9467 


— 


1*9110 


0*60 


0-2 


— 


1*0823 


— 


2*8626 


100 


0*7 


— 


0*8826 


— 


2*6772 


0*00 


2-6 


— 


1*2648 


— 


2*6114 


0*80 


1-2 


— 


1*0819 


— 


4*0802 


0*90 


0*8 


— 


0*9133 


— 


8*0406 


0*20 


2-2 


— 


— 


— 


1 


— 


"^ 


— 


— 


— 



1*80 



1*20 



1*30 



0-70 



1-1 



1*00 



0*70 



— 


— 


— 


1*80 


1*80 


1*70 


1*3* 


ISO 


1-46 


1-80 


1*72 


1*22 


0*90 


1-10 


i*ia 


1*46 


1*46 


1-46 


1*10 


100 


1*20 


0*76 


0*82 


0*86 


, 0*24 


0-20 


0*20 




1 


" 



1*60 



1-80 



1*20 



1*30 



1*62 



0*96 



* The sign + signifies positive acidity, and the sign - negative acidity or alkalinity. 



C. , 



11 



20 



18 



14 



18 



1*20 16 



18 



0*28 10 



B 2 



20 



Date of 
Collec- 
tion 
Mid of 
Exami- 
nation. 



l-«. 



1882. 
Jan. 26 



Peb. 1 



16 



Uar. 7 
. 14 
» 21 



Apr. 4 
« 11 
» II 

Maj 2 



M 16 
» 23 

., 20 
June 6 
„ 18 
^ 20 
M 27 
Julj4 



t» 



11 



Table IV.— 



Appearance. 



Colour. 
8. 



Turbi- 
dity. 



Residue. 
6. 



Reaction with 



Residue on 
Evaporation. 



1 



6. 



JS 



7. 



'5 

a 



3 

8. I 9. 



I 



S.2 
10. 



11. 



Ammonia. 



Free. 
18. 



Albu- 
minoid. 



18. 



Oxidized 
Nitrof^en. 



TotaL 
14. 



I 
As Ni- ' 

trites. ' 

I 

15. I 



Amber 



Straw 



Amber 



Amber 



YeUow 
Straw 
Amber 

*> . 

»» • 



Slight 

Much 

Clear 

Hasj 



Much 



Cloudy 



Cloudy 



Haay 



Cloudy 



Haxy 



Cloudy 



Slight 

Peaty 

Slight 

Muddy 

Slight 

Peaty 



Acid 



Neut. 



n 



Acid 



M 



M 



Neut. 



Peat}- 



Slight 



I* 



Muddy 



Slight 



Acid Acid 



Acid 



(f 



Neut 



Acid 



Acid 



Neut. Neut, 



icid 



»f 



Acid 



»t 



Acid 



Acid 



Neut. 



Acid 



■* 



e-o 

9-0 

7-0 

6*0 

11'6 

11-0 



16'6 



U'O 



8-0 



8*0 



6-0 



10-0 



12-0 



60 



6*0 
7-6 
6*0 
60 
8*5 
7*0 



10 
1*6 
1*0 
10 
8*0 
40 



10-6 



9*0 



4*0 
7-0 
40 
• 
10-0 
4*0 



6*0 



2*0 



1*0 
1*0 
1-0 
10 
2*0 
•0 



0-0040 
0*0042 
0*0066 
0*0075 
00440 
0*0116 



0*0240 


0*0082 


0*0860 


0*000 


0*0290 


0*0589 


0*0590 


0*0559 


0*0980 


0*0688 


A'AKO^ 


A'AIOI ' 



Trace 
Nil 

Trace 
Nil 



I 1 



0*0064 



0*2882 0*0169 Nil 



0*0017 



0*0034 



0*0072 



0*0098 



0*0032 



0*0044 



00040 



O'OOIS 



00990 



0*0874 



0*0848 



0*0818 



0*0776 



0*0700 



0*0788 



0*1120 



0*1209 Nil 



0*0436 



0*2168 



00096 



0*0321 



0*0846 



0*0458 



0*0854 



Trace 



Nil 



21 



continued. 



Oxygen 
absorbed 

from 
Perman- 

ganataat 



16. 



Chlo> 
line. 

17. 



1'85U 



1*7460 



2-0190 



2*9188 



1'8SM 0*98 



0-90 



0*80 



1-40 



0*80 



S'0M6 



0*86 



2-7640 



1-8124 



1- 



1-96S3 



1-9000 



1-5696 



1*6960 



2*6120 



2*6474 



1-70 



1-00 



no 



1*10 



0-80 



0*90 



1-20 



1*26 



Hardneo. 



1-00 — 



Total. 



18. 



Fixed. 



19. 



DiflsolTed 
Oxygen. 

20. 



Iron. 



21. 



Acidity or Alka- 
linity in Terms 

ofcc^NaflCOs 

or CO. ^ Ha80« 

required t 
neatralize 100 ox. 
of the Water.* 



Plumbo-soIyencT aa shown by 

Amount of Lead taken up in 

Samples. 



A. 

23. 



B. 
24. 



C. 
26. 



D. 
26. 



27. 



Tempera- 
ture Qf 
Water 
during 

Experi- 
ments 

recorded 
in Cols. 
29-27. 

28. 



1-8 



1*9 



1*2 



2*0 



1*2 



2-6 



6-S 



8*4 



1*6 



2*0 



I'S 



2*6 



8*06 



2*6 



8*6 



2*6 



1*7 



1*36 



1*2181 
1*1976 
1*2171 
1*2666 



0*8066 
0*8467 
0*7242 
1*0468 
1*0649 
0-7187 
0-9138 
0-9417 



Nil 



»• 



Nil 



Trace 



Nil 



Trace 

NU 

Trace 

Trace 

Nil 



+0*40 



+0»66 
-0*06 
+0*18 
+0'10 
•1-0*06 
+0*16 
-fO-16 
+0*10 



0*60 



0*60 



0*70 



0*78 



0*11 



0*16 



0*76 



0*74 



0*76 



1*02 



0*16 



0*16 



1-00 



1-00 



0*04 



0-90 



1-00 



1-ao 



1*00 



2*40 



1*60 



1*80 



1*00 



0*04 



1*00 



1*00 



1*40 



0-70 



0-74 



0-76 



1*02 



0-16 



0*16 



1-30 



1-00 



0*04 



1*00 



1*60 



1*60 



0-74 



0*66 



0*76 



1*12 



0*16 



0*16 



1*30 



1*00 1*00 



2*40 



1*80 



2*40 



2*00 



1*00 



0*02 



1*20 



1*60 



1*60 



1*00 



2*40 



2*00 



0*72 



0*70 



0*80 



1*42 



016 



0*16 



1*60 



1*00 



0*02 



1-20 



1-00 



1-60 



1-00 



2-40 



200 



17 



10 



16 



14 



17 



10 



17 



20 



20 



14 



16 



17 



18 



15 



*Th« sign + sigiiiflei positive aoidity. and the sign - negative acidity or alkalinity. 
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Tablb IV 


• 


Date of 
Collec- 


Appearanee. 


Reaction with 


Rendue on 
Bvaporation. 


Ammonia. 


OzidiMd 

Nitrogen. 




tion 

and of 

Exnmi- 

nation. 


Colour. 


Turbi- 
dity. 


Residue. 


• 


It 


1 


S 


§1 

IS 


t 

•-* 


Free. 


1 

1 

Albu- 
minoid. 


Total. 


▲»Ni. 
trites. 




1-2. 


8. 


4. 


5. 


6 


7. 


8. 


0. 


10. 


11. 


12. ' 


18. 


14. 


W. 




1S02. 
July 18 


— 




— 


— 




— 


— 


— 




— 


» 


— 






M 25 


— 


— 


— 


— 


•■^ 


— 


— 


— 


— 


— 


, __ 








Aug. 1 


"^ 


— 


— 


— 


— 


— 


— 


«^ 


— 


— 


— 


— 


— 




.. 8 


— 


— 


— 


— 





— 


— 




— 


— 


■ — 


— 


— 




„ 15 


Amber 


1 
Haxy 


Sliffht 


Acid 


Acid 


Acid 


100 


9-0 


1*0 


0*0082 


0*0948 


00551 


Nil 




M 22 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 




. 29 


Amber 


Clear 


Nil 


Acid 


Acid 


Acid 


10-0 


9*0 


1*0 


0*0028 


00366 


0*0850 


Nil 




Sept. 6 


*« 


n 


(• 


*• 


•• 


ff 


80 


2*6 


0*5 


0*0080 


0*0230 


0*0148 


ft 




.. 12 


f* 


•t 


w 


fi 


if 


ft 


4-0 


3*6 


0*6 


0*0020 


0*04£4 


0*0065 


ft 




.. 10 


ft 


Hazy 


Slight 


n 


H 


ff 


S-0 


4-0 


01 


0-0008 


0*0510 


0-0187 


tf 




„ 2G 


Sherry 


Clear 


Nil 


•f 


tf 


»f 


0*0 


8*6 


0*6 


0*0028 


0*0654 


0*0271 


ft 




Oct. S 


Amber 


Hav 


Slight 


ff 


H 


ff 


4*0 


8*5 


0*6 


0-0034 


0*0390 


0*0107 


ff " 




« 10 


M 


Clear 


Nil 


•• 


m 


ft 


4-0 


8*5 


0*6 


0*0020 


0*0426 


0-0057 


tf 




- 17 


Sherry 


H 


Slight 


M 


H 


ff 


80 


7*5 


0*5 


0-tl032 


0*0472 


0-0189 


m 




M 24 


Amber 


Hasy 


•t 


M 


1 • 
f» 


•f 


l^'O 


4*5 


0-6 


0*0032 


0*0560 


0*0461 


ft 




« 11 


•» 


Clear 


Nil 


ff 


H 


M 


2*6 


20 


0*6 


0*0034 


0-0318 


0*0189 


ff 




Nov. 7 


M 


Ha«y 


Slight 


n 


W 


tf 


6-0 


4*6 


0-5 


0*0020 


0*0560 


0*0197 


tf 




M 14 


M 


aear 


Nil 


It 




ft 


0*5 


5*0 


0*5 


0-ooid 


0*0278 


0*0288 


A trace 




.. ^1 


M 


Haay 


None 


•• 


ff 


ft 


4-0 


srs 


rs 


0-003i 


0*0840 


0*00741 


None 




.. 28 


•» 


dear 


»♦ 


•* 


«• • 


ff 


S'6 


8*0 


0*6 


0-0010 


0-0206 


0-00404 


Nil 




Dec. 6 


(» 


Ha^ 


Slight. 


•f 


f» 


ff 


»•« 


5*0 


0*6 


0*0022 


00296 


0*08129 


•f 




M 12 


Straw 


If 


»< 


tf 


«• 


ff 


«'0 


4*S 


0*5 


0*0010 


0*0268 


0*0000 


tt 




.. 10 


- 


H 


« 

ft 


f* 


t 


«f 


9*0 


4f8 


0-6 


0*0060 


0*0226 


0*00164 


*• 




. 16 


Amber 


1 

Cloudy 


M 


It 


1 • 
f» 


ft 


7*0 


6*0 


0*1 


0-0028 


0*1460 


0-03541 


•f 




180S. 
Jfln. 2 

1 


*« 






— 





~ 


— 






: — 


— 


1 ^^* 


' — 





2a 



eontinuedt 





absomd 

from 
Perman- 
ganate at 
100* C. 

18. : 


Chlo- 
rine. 


1 

fiaidaoM. 


Dissolved 
Oxyippep, 

.. 20. 


•■\ 
Iron. 

21. 


Acidity or Alka- 
pnitiy in Terms 

ofcc^Na«GOs 

orcc^ HjSO* 

required to 
neutralise 100 c.e. 
of ttie Water.* 
.22. 


Piumbo-soIven«y:as shown by 
Amount of Lead taken up in 
flamplffs 


Tempera- 
ture of 
Water 
durinc 
Experi- 
ments 

recorded 
in Cols. 
23-27. 

28. 




Total. 
18. 


FixBd. 

19. 






A. 
23. 


B. 
24. 


C. 
26. 


1). 
26. 


E. 




— 




1 

• 


— 








— 


— 


— 


— 




•C- 




— 


■ 


1 

1 

1 


— 




— 




— 


— 


— 




— 


— 




1'38M: 


1-10 


5*33 

* 


1*64 


0*8734 


Trace 

• 


+0*2 


1-60 


1*00 


1-60 


1*60 


1*60 


17 




1-7222 


0*95 


• 

6*19 


4-81 


• 
1*0675 


Present 


+ 1*86 


1*20 


1*20 


1-20 


1-20 


1*20 


17 




1*8649 


0*80 


2-17 


1'81 


1*1788 


Nil 


+0-7 


1*40 


1*60 


1-60 


1*60 


1-60 


", 




1*8224 


1*05 


2*80 


1-68 


1*1743 


Trace 


+0*8 


1-80 


1*30 


1-30 


1-80 


1-30 


18 




1*7972 


0*90 


8*22 


1*40 


0*9514 


if 


+11 


1*80 


1*80 


1*80 


1-80 


1*80 


16 




z-msH 


« 

1*10 


3*38 


2*24 


0*8901 


w 


+1*4 


2-20 


2*20 


2*20 


2-20 


2*20 


17 




2-6SU 


0*95, 


2,10 


2*10 


1*0787 


•t 1 


+0*8 


1*40 


1*40 


1*40 


1*40 


,1*40 


14 




2*6918 


0*95 


1:54 


1-64 


1*3404 . 


. NU 


. +0*6 


0-80 


0*80 


.0-80 


0*80. 


0*80 


IS . 




2*9004 


1*15 


2*80 


a-80 


1-4179 


N 


+1*25 


2-40 


2*40 


2*40 


2*40 


2*40 


11 




1*4740 


1-00 


210. 


2*10 


1*0884 


Trace 


+0*7 


i-ao 


1*20 


1*20 


1*20 


1-20 


i 




2*5714 


0*90 


2*10 


2*10 


1*8016 


NU 


+0*7 


1-30 


1*30 


1*30 


1*30 


1*30 


13 




. i:8606 . 


0.-85. 


.8*64 


3-64 


1*2689 


Trace 


+1-6 


2-00 


2*40 


2*40 


2*80 


2-80 


14 




0-8684 


0*85 


2*10 


2*10. 


1*2018 


»• 1 


+0-8 


1*80 


1*80 


1-80 


1*80 


1-80 


17 




1-2264 


0*80 


3*9 


8*9 


1-233 


Trsoes 


+0*86 


1-80 


1*80 


1*80 


1-80 


1*80 


9 




a'8IM 


. 0-926 


«-« 


6*6 


1-089^ 


Trace 


+0-8 


1*80 


1-80 


1*80 


1*80 


1-80 


10 




1*0628 


0*90 


3*5 


2*8 


1*086 


n 


+0-66 


1*60 


1*60 


1*60 


1*60 


1*60 


9 




1*0800 


0-96 


3*3 


8*3 


1*268 


M 


+0-46 


0*90 


0*90 


0*90 


0*90 


0*90 


11 




1-1482 


0*80 


2*3 


2*3 


1*228 


t» 


+0-46 


1*00 


1*00 


1*00 


1*00 


1*00 


14 




1*6820 


1*30 


6*4 


6*4 


1*020 


Abun- 
dant. 


+2*4 


1*40 


1*40 


1*40 


1*40 


1*40 


4 




•" 


^^^ 


1 


• 


— 


— 


J ' • 


— 


— 


— 




— 


— 



* The sign + signilles pooitiYe acidity, and the ngn - negatiTe acidity or alkalinity. 



Date of 
GoUec- 
tion 
and of 
Bzami- 
nation. 



1-2. 



1888. 
Jan. 9 



16 



2S 



., 90 



Feb. 6 



IS 



20 



24 



Tablb IV.— 



Appearanoe. 



Colour. 
3. 



Tnrbi. 
ditj. 



4. 



Beiidoe. 
6. 



Beaotion with 



Beddae on 
Bfaporation* 



0. 






7. 



Q 



8. 



9. 



4 
B 

10. 



I 

11. 



Ammonia. 



12. 



Albu- 
minoid. 



IS. 



Oddiaed I 
NitrogOQ. ' 



Toua. 

14. 



Ab Ni- 
trites. 



16. 



Straw 



» 



Yellow 



Amber 



Turbid 



Hazy 



Clear 



Connder* 
able. 



Add 



M 



*• 



Acid 



» 



Acid 



4*0 
6-0 
4-0 
6*0 
4*6 



3-6 
4*6 
S'6 
4*6 
4-0 



0*6 



0*6 



0-6 



0*6 



0*0214 



0-0020 



0*0024 



0*0014 



0*1048 



0*06S8 



0*0824 



0*0222 



I 



0*6 0*0012 0'0176 



0*04041 

002470 

0*0000 

0*02228 

0*0000 



Nil 






• 27 


























No 


Mar. 6 


Dk. straw 


Clear 


— 


Acid 


Add 


Acid 


5*0 


4*6 


0*6 


0*0014 


0*0808 


0- 01811 


Nil 

1 


„ 18 


P. amber 


If 


— 


M 


n 


»» 


8*0 


2*6 


0-5 


00018 


0-02S6 


00000 


1 

.. 1 


M 20 


Straw 


** 


— 


f> 


M 


u 


40 


8*6 


0*6 


0*0014 


0196 


0*01168 


1 


« 27 


Amber 


Havy 


SUght 


*» 


*» 


H 


6*0 


4*6 


0-6 


00014 


0*0892 


0*00000 


i 


• 






















• 







Date of 

Collcc. 

tion 

and of 

Exami' 

nation, j 



1-2. 



Appearance. 



Colour. 



3. 



Turbi- 
dity. 



4. 



Table 
Showiog the Record of the Chemical Examination 

Resalts stated in 



Residue. 



Beaotion with 



1 



e. 



^1 

7. 



•s 



Beaidue on 
Evaporation. 



o 
H 

9. 



II 

10. 



I 

11. 



Ammonia. 



Free. 



12. 



Albu- 
minoid. 



13. 



Oxidised 
Nitrogen. 



Total. 



14. 



As Ni- 
trites. 



15. 



1891. 
Nov. 9 



t* 



16 



» 28 
« 30 



0*0010 



— — -- — 0*0026 





— 


Add 


Add 


— 


— 




1 

1 


.i- 


— 


ft 




— 


9*0 


6^ 


3*0 


- 


— 


- 


M 


Add 


4*0 


3*0 


1*0 



0*0001 



0*0026 









( 


00310 


— 


— 


1 


0*0100 


— 


— 




0*0420 


— 






0*0810 


0*0330 




1 



25 



continued. 



absori 

from 

Perxnan- 

ganateat 

100* C. 



16. 



Chlor* 
line. 

17. 



Hardness. 



Total. 



18. 



Piled. 



19. 



Dissolved 
Oiygen. 



Iron. 



21. 



AciditjT or Alka- 
linity in Terms 

ofcc. i^NajiCOg 

orc.c.-^H^04 

10 , 

required to 

neutralise UK) o.c. 

of the Water.* 

22. 



Plumbo-solvency as shown by 

Amount of Lead taken up in 

Samples. 



A. 
23. 



B 
24. 



0. 
25. 



D. 

26. 



E. 
27. 



— 


— 


• 


— 




— 


1*8248 


0-90 


3-60 


2*10 


0*8376 


Trace 


1-1762 


0*90 


8*92 


3-98 


1*0869 


M 


1-0984 


0*90 


3*22 


4*10 


0-6606 


M 


0*8790 


1*20 


6*47 


4*77 


1*0864 


NU 


0-7286 


0*976 


4*86 


4*86 


1-3339 


Traces 



+r96 

+0*8 
+1-0 
+0*8 
+0-8 



— 




— 


— 


1*20 


1*20 


1*20 


1*20 


1*80 


1*80 


1*80 


1*80 


1*20 


1*20 


1*20 


1*20 


V» 


1*20 


1*29 


1*20 


1-60 


1*90 


1*20 


1*20 



Tempera- 
ture of 
Water 
during 
Experi- 
ments 
recorded 
in Cols. 
2»-27. 

28. 
*C. 



1*20 



1*80 



water. 



0'9«6 I 1*00 



1*1300 I'lO 



0*7724 



1*0524 



115 



0*70 



2*89 


2-39 


1-0664 


Nil 


4-2L 


8-22 


0*9224 


f* 


3-36 


3*36 


0*9961 


A trace 


4-91 


3*92 


1*4485 


Traces 



+0*8 
+1*0 
+0*86 
+0*86 



1*60 


1*60 


1*60 


1*60 


reo 


1*20 


1*80 


1*20 


1*20 


1-20 


1*60 


1*60 


1*60 


1-60 


100 


1*00 


1*60 


1*60 


1*00 


1*60 



14 



14 



1*20 28 



1*20 18 



1*20 I 14- 



n 



16 



16 



18 



V. 

of Water of Bbntham Moss Pool. 

Parts per 1(X)>000. 



Oxygen 
absorbed 

from 
Permaii- 
ganateat 

100*»C. 



16. 



Chlo- 
rine. 

17. 



Hardness. 



Total. 



18. 



Fixed. 



19. 



Dissolved 
Oxygen. 



20. 



Iron. 



21. 



Acidity or Alka- 
linity in Terms 

of C.C. ^ NsaCOs 

orcc. ^H^0« 

required to 

neutralize 100 c.c. 

of the Water.* 

22. 



Plumbo-soIvency as shown by 

Amount of Lead taken up in 

Samples. 



A. 
23. 



B. 
24. 



C. 
26. 



D. 
26. 



E. 

27. 



Tempera- 
ture of 
Water 
durm^ 
Experi- 
ments 

recorded 

in Cols. 

23-27. 

28. 



2*1776 



1*7138 



1*7644 



0*80 


2*6 


— 


0*9870 


— 


0-80 


— 


— 


0-8004 


— 


1*00 


2*8 


— 


— 


— 


1*00 


5'6 


— 


0*9088 


— 



1*30 



2-60 



1*60 



2*40 



1*68 



2*60 



1*70 



2*60 



1*72 



2-84 



C. 



II 



18 



* The sign + si^nifles positive acidity, and the sign - negative acidily or alkalinity. 
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Biiteof 
OoUoe- 

tion 
«ndof 
Szami- 
n&tioD. 



1-2. 



Appearaaoe. 



Colour. 
8. 



Turbi- 
cUtj. 



1891. 
Dec. 7 



U 



M 21 



1898. 
Jan. 4 



.. 11 

M 18 



t« 



26 



Feb. 1 

M 8 

.V IB 



29 



Har. 7 



14 



81 



Apr. 4 
.. 11 

. « 18. 
,. 25 

Mny 2 



.. 16 
.. 28 



Amber 



Dk. brown 



P. yellow 



Amber 



Clear 
Muoh 
Clear 
Diittmst 
Xueh 



v. ftlight 



Dk. 

brown. 

V. Bligfat 



Peatgf 



Jfteaetion with 



H 



So 

7. 



Q 



8. 



ReBidaeon 
Byaporation. 



0. 



10. 



Acid 



Neat. 



Add 


Acid 


7-B 


M 


** 


7-0 


M 


M 


9-7 


*f 


•1 


9*0 


ft 


M 


10*0 


Kent. 


Nent. 


WQ 



8-6 

4*;0 

6*6 

7*0 
«-8 
8-0 



11. 



2*0 
8*0 
4*2 
S'O 
4*2 
7*0 



Ammonia. 



Pree 
.12. 



Alba, 
minoid. 



18. 



0*0180 
0*0060 
0-0026 
0-0120 
0-0070 

J 

0-0860 



a*o4io 

a-088 

0*1080 

0*0670 

0*0606 

0*1860 



Table V — 



Ozidited 

Nitrogen. 



14. I 16. 



0.*0856 


— 


0-0166 


Nil 


0*0021 


f» 


0-0061 


M 


0-0^11 


Traces 


0-1111 


Nil < 



No water to 



Straw 



ff 



Amber 



Straw 



Slight 


V. Slight 


Acid 


Acid 


Add 


7*0 


6-0 


2*0 


0*0126 


0*0480 


0*0144 


NU 


ff 


ff 


Neut. 


Neat. 


Neat. 


6^6 


4-6 


2*0 


0*0087 

1 


0*0190 


0*0247 


Traoea 


*• . 


ff 


ff 


f» 


ff 


8*6 


6-0 


8*6 


1 

00060 


0*0700 


0*0780 


Trace 


ff 


Peat 


Add 


Add 


Acid 


80 


70 


1*0 


0*0046 


0*1100 


0-0676 


Nil 


Kach 


f» ' 


ff 


*• ' 


ff 


7*0 


4*4 


8*6 


0'006t 


0*0616 


0-0891 


Trace 


Clear 


Slight 


ff 


*• 


f* 


6*0 


8*6 


1*6 


0*0066 


0*0162 


0*0128 


Nil 



No water to 



Greenish 


Hach 


Hon 


Add 


Add 


Add 


6*0 


SO 


1*0 


0*0040 


.0*1170 


0*0066. 


Nil 


Dk. amber 


aoady 


peaty 

1 


n 


n 


ff 


10*0 


8*6 


1*6 


0*0274 


0*27R0 


0-0068 


M 



No water to 



Yellow 



Cloady 



SUght 


Acid 


Acid 


Acid 


16*0 


2-0 

1 


8*0 


0*0080 


0*0674 

i • 


0*0660 


Nil 





co/Uinued: 



27 



Irani 



ganataat 



16. 



Chlo- 

« 

17. 


Htrdneis. 


DiaolTed 

OxTKBD* 


Iron. 

n. 


TotoL 
18. 


Fixed. 
19. 



AddilgrorAlkft- 
limtyin^IermB 

ofo.o.^|fi^00i 

or 0.0. j5 HsSOi 

requiradto 

neatmlise 100 co. 

of the Water.* 

22. 



< !• 



1*8612 



i-eis 



1' 



1*1696 



S-23U 



0*70 



0*87 



0*90 



0*40 



0*90 



0*8 


— 


0*9278 


- 


1-0 


— 


1*0180 


- 


8*6 


— 


1*0890 


— 


1*5 


— 


1*1084 


- 


4*0 


— 


0*9602 


— 


2*6 


— 




— 



be obtained. 



1*1996 


0-90 


1 *K ' 


— 


1*2886 


Nil 


0!8716 


06S 


Aett 


- 


1*2666 


•r 


1:1788 


1*10 


A* A 


— 


1*1610 


•• 


1*9188 


0*90 


1 * A 


— : 


1*8820 


ft 


1*6464 


.0-76 


1*6 ' 


1 


- 


w 


0*8540 


0*85 


1 *Q 


f 


1*2985 


— 



Plumbo-flolteney as shown by 

Amount of Lasa taken up in 

Samples. 



A. 
28. 



B. 

24. 



C. 
S6. 



D. 
26. 



E. 
27. 



0-90 


0*^ 


0-76 


0*90 


0*92 


0*60 


0*60 


0*80 


0*82 


1*10 


1*00 


1*10 


1*10 


1*20 


1-40 


0*80 


0*90 


1*00 


0*90 


1*00 


1*48 


1*66 


1*70 


1*80 


2*24 


0*60 


0*60 


0*60 


0*80 


0*80 



Tempera- 
tureof 
Water 
durinff 
Expen- 
ments 

recorded 

in Cols. 

28-27. 

28. _ 

•C. 
18 



14 
16 
19 
18 
15 



1*00 


1*00 


1*00 


1*00 


1*10 


0*12 


0*12 


0*10 


0*06 


0*10 


1*00 


1*00 


1*00 


1*00 


1*00 


0*60 


0*54 


0*64 


0*68 


0-80 


1*00 


1*00 


1*00 


1-00 


1-00 


0*90 


I'OO 


1*10 


1*10 


1-10 


< 











12 



19 



16 



16 



14 



17 



bo obtained. 



8-9706 


1-00 


2*5 


1-2 


1*0760 


.Nil 


7-0000 


i-ao 


6-5 


6-0 


0-5527 


M 



+1-0 



+1*8 



o*u 

0*80 


0*14 
6*82 


0*16 
0-82 


0*18 
0*86 


0*18 
0*40 



12 



16 



be obtained. 



1*8016 


1*10 


8-9 


1*8 


0*7986 


Traci 

4 



+0-6 



* The sign + signiflee potitiTO acidity, and the sign - negatiTo addity or alkalini^. 



1*00 


1*00 


1-00 


1-00 


1-00 



16 



28 



Table V.— 



Date of 
Collec- 


Appearance. 


fieaetion with 


Beddue on 
BTaporation. 


Ammonia. 


Oxidized 
Nitrogen. 




tion 
and of 
Exami- 
nation. 


Colour. 


Turbi- 
dity. 


Beddue. 


1 




• 


• 


§1 


• 


Free. 


Albu. 
minoid. 


TotaU 


As Ni- 
trites. 


1-2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


13. 


14. 


13. 


1892. 
KajSO 


P. amber 


Clear 


Y. vUghi 


Add 


Add 


Acid 


— 


— 




0-0066 


0*0240 


00600 


Nil 


1 


June 6 


w 


»r 


1 


m 


M 


M 


(TO 


6*0 


1*0 


0*0078 


0*0648 


6*0016 


Slight 
trace. 




,. 13 


Amber 


n 


ffltffhi 


H 




•» 


FO 


4*0 


10 


0*0138 


00466 


0-OWl 


Nil ! 


H 20 


i» 


Ha«y 


«» 


It 


«t 


«» 


'6-6 


4*6 


10 


0-0048 


0*0410 


0*0271 


" 


,. 27 


»» 


Cloudy 


ff 


•• 


» 


W 


•9*0 


8*0 


1*0 


0*0060 


0*0436 


0-0312 


n 




July 4 


a* 


Clear 


» 


n 


w 


•» 


9-0 


8*0 


10 


0*0048 


0*0618 


0*0502 


It 




.. 11 


M 


•* 


«• 


n 


» 


«» 


5*0 


4*0 


1*0 


0*0030 


0*0710 


0*0197 


1 

t« 

1 


., 18 





— 


— 


— 


— 


^ 


— 


— 


— 


— 


— 


— 


1 

1 


« 25 





— 


— 


— 


— 


— 


— 


'- 


— 


■ — 


— 


— 


1 


Aun. 1 





— 


— 


— 


— 


— 


- 


— 


— 


— 


— 


— 


— 


» 8 





— 


— 


— 


• ^_^ 


— 




— 


— 


— 


— 


— 


— 


« 15 


Amber 


Hazy 


Slight 


Add 


^id 


Acid 


10-0 


9*0 


1*0 


0*0082 


0*1164 


00090 


Nil 


„ 22 


t* 


Turbid 


Consi- 
derable. 


M 


M 


M 


10-0 


9*0 


1*0 


0*0068 


0-0068 


0*0428 


«• 


., 29 


«* 


Clear 


Nil. 


W 


M 


M 


9-0 


8-0 


1*0 


0*0018 


00630 


00410 


Trace 


Sept. 6 


»• 


ft 


» 


I* 


M 


*f 


7-6 


7*0 


0*5 


0*0034 


0*0620 


0-0667 


Nir i 

1 


„ 12 


Cherry 


M 


w 


«• 


W 


n 


1-6 


1*0 


0*6 


0*0026 


0*0412 


0*0386 


1 


« 19 


Amber 


Haxy 


SUght 


M 


»f 


n 


4-0 


3*5 


0*6 


0*0010 


0*0760 


00321 


»» 


« 26 


t» 


t» 


w 


M 


» 


m 


8-5 


4*5 


4*0 


00038 


0-0774 


0-0436 


p* . 


Oct. 3 


»• 


n 


M 


M 


>* 


at 


3-5 


3*0 


0*6 


0*0034 


0-0560 


0*0362 


»» 


,. 10 


Straw 


Clear 


Nil 


Neut 


Neut. 


Neut. 


6-0 


10 


4*0 


O'OOZO 


0*0180 


0*0172 


Trace 


,. 17 


Sherry 


Haiy 


It 


Add 


Add 


Add 


6*0 


4*6 


0*6 


0*0028 


0*0502 


0-0268 


Nil 


- 24 


Amber 


•* 


Blight 


M 


M 


*» 


5-0 


4*6 


0*6 


0*0039 


00670 


0-0214 


1 
1 


« 31 


f* 


M 


" 


n 


•« 


m 


6*0 


4*5 


0*6 


00040 


0-0476 


0-0451 


tt i 


Nov. 7 


ra 


»f 


» 


M 


ft 


it 


6*0 


4*5 


0*6 


0*0016 


0-0664 


0-0228 


•• 


i> 4 


»» 


it 


»» 


M 


»» 


It 


6*6 


6-0 


0*5 


0-0011 


0-0560 


0-0263 


1 
» 





29 



continued. 



Ozyxen 
absorbed 

from 
Pcrman- 
franateat. 


Chlo- 
rine. 

17. 


Hardness. 


Dissolved 
Oxygen. 

20. 


Iron. 
21. 


AoidityorAUuu 
Unity in Terms 

of C.C. j5Na/X)| 

or C.C jQ HbS04 

required to 

neutralise 100 co. 

of the Water.* 

22. 


Flumbo-solTenoy as shown Vy 
Samples. 


TempsA* 
tureof 
Water 
during 
Biperi- 
ments 

recorded 

inOols. 

88-27. 

28. 


Total. 
18. 


Fixed. 
10. 


i«o»a 


A. 
23. 


B. 
24. 


C. 
25. 


D. 
26. 


B. 

27. 


1*9936 


1*00 


— 




0-8457 


NU 


+1*1 


1-00 


1-00 


1-00 


1*00 


1*00 


20 


1*7820 

1 


1-15 


8*0 


— 


0*9487 


« 


. +0*10 


0*00 


1-00 


1-10 


1*10 


1-10 

c 


80 


. 1-5706 

1 


100 


1*8 


— 


1-0080 


Trace 


+0*15 


1-00 


1-00 


1-po 


roo 


1-00 


14 


1*3678 

1 


0-80 


1*36 


— 


1-0183 


Nil 


+0*15 


0*70 


0-90 


0*90 


0*90 


0-00 


15 


1 2'2S« 

1 


0*80 


2-45 


— 


0-9512 


M 


•i-o-ao 


1*60 


1*60 


1*60 


1*60 


1*60 


17 


' 1'9S64 


1*05 


8*85 


2*4 


0'»I67 


Trace 


+0-20 


1-60 


1-60 


1-60 


1*60 


1*60 


18 


1-4018 


115 


2*45 


8-0 


0*6947 


II 


+0*15 


1-40 


1-40 


1*60 


1*40 


1:40 


15 


1 


— 


— 


— 


— 


*^^ 


— 





- — 


— 


— 


— 


-. 


i _ 

I 

1 


— 


— 


— 


^^m 


— 


— 


— • 


.— 


m 


— 


• """ < 


- . 


1 


— 


— 




— 


- 


— 


— 


— 


— 


— 


-. 


- 


1 - 
1 


— 


— 






— 


— 


— 


— 


— 


— 


— 


— 


1 

0*3964 


1*15 


4*35 


4*35 


0*9121 


Present 


+0-15 


1-40 


1*40 


1*40 


1*40 


1*40 


17 


0-0294 


i-oo 


8*78 


8*78 


0-8056 


»« 


+0-5 


1-40 


1*40 


1*|0 


1-40 


1*40 


20 


j 1'56M 


0-05 


4*2f 


4*21 


0*8443 


»i 


+1*2 


1-80 


1*20 


1-20 


1-20 


1*20 


17 


1*8542 


0-80 


8*92 


2*24 


0*8443 . 


Nil 


+1*35 


1*60 


1*60 


1*60 


1*60 


1*60 


15 


4*3768 


1*10 


3-08 


2*62 


1-2328 


M 


+1*70 


1*70 


1-70 


1*70 


1-70 


1'70 


IS 


1*8174 


1-10 


4*07 


1*68 


1*0774 


Present 


+ 1*80 


1-60 


1*60 


1-80 


1*80 


1*80 


16 


i 

1-7680 


0*85 


8-78 


1-55 


0*8152 


M 


+1*2 

• 


1-10 


1*20 


1*20 


1*20 


1-20 


17 


1-7810 


0-90 


2*38 


2*88 


1-0981 


Trace 


+ 1*45 


1*60 


1*60 


1*60 


1*60 


1*60 


14 


0*6020 


0*95 


1-96 


1*96 


1*1272 


Nil 


+ 0-15 


010 


010 


0-10 


0*10 


O'lO 


18 


3*2506 


1*10 


1*96 


1-96 


1*3791 


Trace 


+1*06 


2*40 


2-40 


2*40 


2*40 


2*40 


11 


. 1-4136 


0*95 


4*21 


2*80 


1*0981 


Present 


+2*65 


2*40 


2*40 


2*40 


2*40 


2-40 


8 


0*7220 

1 


0*90 


2*80 


8-52 


1*0684 


If 


+ 1*55 


2*80 


2-80 


2-80 


2*80 


2*80 


14 


j 1*4024 


0-75 


8-64 


2*24 


1*0655 


•f 


+2-10 


8-80 


2-80 


2-80 


2*80 


2*80 


4 


1-3884 


85 


4*07 


2*80 


0*9595 


•• 


+1-95 


8-20 


3-20 


3*00 


3*60 


8*50 


17 



* The sign + signifies positire acidity, and the sign - negative addity or alkalinity. 
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Date of 
Collec- 
tion 
and of 
fizaou* 
qfttion. 



. 1-2. 



Appeaitoiee. 



i f 



Colour. 



S. 



TnrlM. 
di^. 



Beridnd. 



6. 



Eeaotion with 



t 






!«( 



7. 8. 



Residue on 
Eyaporation. 



I 

9. 



B 

10. 



I 
11. 



Ammonia. 



Pree. 



18. 



Albu 
minoid. 



18. 



Table V.— 



Oxidized. 



Total. 



14. 



AfiNi-i 
trites. ' 



15. 



1892. 
Nov. 21 



Deo.' 5 



n 


12 


•» 


19 


n 


2S 


1888. 
Jan. 2 


If 


9 


M 


16 



« 23 
« 30 

Feb. 6 
„ 13 
M 20 
M 27 

Mar. 6 

>. IS 
„ 20 
.. 27 



Amber 



Haqr 



Cloudy 



Btnw 



Amber 



Straw 



Amber 



Straw 



Haqr 



Slight 



None 



Mosqr 



Slight 



Floating 
matters. 



Add 



Acid 



»* 



Slight 



Clear 



Ha«7 



Acid 



Mossjr 



Slight 



Acid 



*i 



M 



6-5 



6-0 



5*0 4*5 



Acid 



»$ 



Acid 



f> 



n 



6-5 



5-5 



4-6 



14*0 



5-0 



5-0 



0*6 



0-5 



0*5 



0-5 



0-0088 



0*0018 



0-0024 



0*0484 



0-0600 



0-1080 



0*0014 0-0688 



4-0 0-6 



13-5 



Acid 



f* 



Acid 



»f 



n 



Acid 



t» 



n 



4*0 



5-0 



6*0 



6-0 



6-0 



4-0 



40 



4'0 



6-6 



8*5 



4-6 



4-5 



4-6 



4-5 



0*6 



3*6 



3-6 



8-5 



6*0 



0*5 



0*6 



0*5 



0-5 



0-6 



0-0066 



0-0082 



0*0058 



O'OOSO 



0-0048 



0-5 



0*5 



0-5 



0*6 



0*0014 0*0886 



0*0662 



0*1094 



0* 



0*0140 



0*01898 



0*0009 



0*00628 



0*01400 



Nil 



0-1104 
0-1044 
0*1074 



0*0008 



0*0014 



0*0006 



0*0012 



0*0018 



0*05106 



0-06202 



0-01894 



0*04694 



Nil 



6*0764 , 0*05105 



0*0674 



002223 



Nil 



0-0846 , 0*014S2I ^ 



0*0207 0*01152 



0-04M 



0*0000 
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continued. 



Oxygen 

absOTbed 

from 

Pennan> 

ganateat 

lOO^C. 



16. 



Chlo- 
rine. 

17. 



Hardnen. 



Total. 



18. 



Pixed. 



19. 



Diflflolved 
Oxygen. 

90. 



Iron. 



21. 



Acidity or Alka* 
linity in TermB 

of CO. Iq Na^Os 

or CO. Yo H^SOi 

required to 

nentraliM 100 ox. 

cf the Water.* 

28. 



Plumbo-8olTen6y as shown by 

Amount of Lead taken up in 

Samples. 



A. 

28. 



24. 



C. 
2S. 



D. 
86. 



B. 
87. 



Tempem- 
tnreof 
Water 
during 
Experi- 
ments 

recorded 

inColfc 

25-27. 

28. 



1-4116 
1-4460 
2-S188 
2*8000 
1-6406 
1-2698 



1-6272 



1'5M8 



2-8992 



0*8790 



1*2412 



1-1968 



1*0174 



0*0700 



0-6700 



0-85 

0-86 

0-96 

0*80 

0-876 

1*60 



0-86 



0-90 



0*90 



0*90 



I'OQ 



0*46 



1*05 



1*10 



0*80 



0*48 
0-70 
0*78 
0*88 
0-64 
1-81 



2*80 



4*77 



7*01 



4*77 



6*19 



4*77 



4*21 



4*21 



8-07 



0-21 
0*40 
0^40 
0-67 
0-28 
1*21 



8*80 
4*21 
7*01 
4-77 
6*19 



8*60 



2*80 



8*22 



6*88 



0*8660 



0-6080 



O-6060 



0* 



0*874 



0*826 



Present 



Ooniid' 
erable. 



1*2468 Present 



0*8454 



0*7446 



0*8800 



0*7540 



0*8116 



0*8061 



1*0664 



1*1079 



Abun> 
dant. 

Present 



Present 



+2*60 

+2*16 

Tf-8'86 

-f2*6 

+1*6 

+4*4 



+0*76 

+1*46 

•t-2'66 

+1*8 

+1*8 



+1-5 



+1*66 



+1*0 



+ 1*16 





» 








2*80 


2*80 


8-80 


2*80 


9-fiO 


2*00 


2*00 


8*00 


2-00 


8*60 


8-40 


2*40 


2-40 


2*40 


8*40 


8*40 


8*40 


2*40 


2*40 


2-40 


1*60 


1-60 


1*60 


1*60 

1 


1-60 


1*80 


1*80 


1*80 


1*80 

1 


1*80 


0*40 


0*40 


0-40 


0-40 


0*40 


1*40 


1*40 


1*40 


1-40 


1*40 


0*60 


0-60 


0*60 


0-60 


0*60 


1-20 


1-80 


1-20 


1*29 


1*80 


2*20 


8'20 


8'80 


2*20 


8*20 


1*80 


1*80 


1*80 


1*80 


1*80 


1*80 


1*80 


1*80 


1*80 


1*80 


1*80 


1*20 


1*20 


1*20 


1*80 


1*40 


1*40 


1*40 


1*40 


1*40 



9 
10 

8 
11 
14 



18 



14 



22 



12 



14 



13 



16 



18 



19 



* The sign + signiftes positive addity, and the sign - neg^ive acidity oraUudinity. 
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Bentham Spring No. 1. 

This water was ezammed at woeklj intervals from Nov. 9, 1891, to 
March 21, 1892. 

The results obtained are given in Table I«, and maj be summed up 
^3 follows : — 

As regards total solids, free ammonia, albuminoid ammonia, oxidized 
nitrogen, oxygen absorbed from permanganate, chlorine, hardness, and 
dissolved oxygen, the average results were 6*74, 0*0073, 0*0254, 
0473, 0*3474, 0-86, 3*02, and 0-9494 parts per 100,000 respectively. 
Tnese results indicate that the water was a very soft water, yielding 
-somewhat '^ high " results as regards albuminoid ammonia and oxygen 
absorbed from permanganate. The relatively small amount of free 
ammonia, and especially of chlorine, would indicate, what is in fact the 
case, that the source of the organic matter was largely vegetable in 
character. 

The water was invariably found to be neutral in reaction. 

Notwithstanding the neutral condition of the water, nearly all the 
samples were found to act, though only feebly, on lead. This may have 
been due, however, to the presence of some acid peaty water mixing 
with the neutral spring water. As has been said, it was found that 
•occasionally surface peaty water gained access to this spring water, thera- 
by introducing an uncertain element into the analysis. It may be noted, 
however, as another possible explanation, that it has been found that on 
^ther moorland gathering grounds that water issuing from the ground 
as spring water mav sometimes possess a feeble and temporary plumbo- 
fiolvent* power. If such water is freely exposed to the air before being 
tested this circumstance *is seldom, il ever, observed. In such cases it 
may be assumed that the spring water as it issues from the ground 
carries with it a slight excess of carbonic acid which becomes dissipated 
on exposure to the air. However this may be, the important point to be 
noted is this, namely, that the water of Bentham Spring No. 1 was 
■uniformly neutral in reaction, and that the degree of its plumbo-solveucy 
was 60 slight as to be negligible by comparison with other waters of 
totally different character presently to be dealt with. 



Bentbam Spring No. 2. 

The water was examined at weekly intervals from November 9, 1891, 
to March 27, 1893, both dates inclusive. 

The results obtained are given in the Table II. To a trifling extent 
Bentham Spring No. 2 was, like Spring No. 1, occasionally subject to 
contamination with surface water derived from the drainage of peaty 
soil. This circumstance, however, did not materially influence the value 
of the results in view of the sustained nature of the observations made. 

The chief results may be summed up as follows : — 

As regards total solids, free ammonia, albuminoid ammonia, oxidised 
nitrogen, oxygen absorbed from permanp^anate, chlorine, hardness, and 

* Plumbosolvency : — ^In the sense of this report plumbo -solvent power, plambo- 
solvent ability, and plnmbo-solvency are synonymous terms. They apply to the 
cnnspicnous property exhibited by certain waters to dissolve lead. Anotiier kind of 
action on lead, which is to some extent comparable to the rusting of iron, will be 
4ealt with separately, under the term *' erosion.' 
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dissolved oxygen, the average results, in round numbers, were 5*5, 
0006, 0020, 0-025, 0*3, 09, 30, and 102 parts per 100,000 
respectively. 

These results differ in no conspicuous manner from those recorded 
under Bentham Spring No. 1. 

Next as to the reaction of the various samples examined. 

Five out of a total of sixty-six samples were slightly acid. The 
remaining sixty-one samples yielded a neutral reaction, and these 
samples were usunlly found to be possessed of a slight but still an 
appreciable amount of acid neutralizing* ability. 

As regards plumbo-9olvency, a number of the earlier samples acted 
feebly on lead, but in the main the water of Bentham Spring No. 2 was 
found to be free from appreciable plumbo- solvent ability. 

Speaking in general terms, it may be said that the water of Benthain 
Spring No. 2 was neutral and possessed of slight but appreciable acid 
neutralizing ability, and that it was practically free from plumbo-solvent 
ability. 

The chemical results are shown in graphic form in diagrams 24 to 37, 
appended to Part I. of this report. 



Bbntham (Bubnmoor) Peat Pool. 

The water was examined at weekly intervals from November 9, 1891, 
to March 27, 1892, both dates inclusive. 

The results obtained are given in Table lY., and may be summed 
ap as follows : — 

As regards total solids, free ammonia, albuminoid ammonia, oxidized 
nitrogen, oxygen absorbed from permanganate, chlorine, hardness, and 
dissolved oxygen, the average results in round numbers were 7*0, 
0005, 0*06, 0-03, 1-8, 0*9, 2*8, and 104 parts per 100,000 
respectively. 

These results differ in no striking manner from those recorded under 
Bentham Spring No. 1 and No. 2, except that the albuminoid ammonia 
and oxygen absorbed from permanganate was much greater in the peaty 
water than in the spring water, due to peaty matter both suspended and 
in solution. 

Turning next to the records as regards reaction, the following facts 
are to be noted : — 

In forty-nine out of fifty-three samples the water had an acidrecu:tion ; 
in the remaining four samples the water was neutral, a result in striking 
contrast to those obtained in the case of Bentham Springs. 

The resultB as regards plumbo-solvency are no less striking. 

Practically always the water of Bentham Peat Pool acted in vigorous 
fashion on lead, whereas the water of Bentham Spring No. 2 acted not 
at all or only very feebly. 

The association on the one hand between the acidity and plumbo- 
solvent ability of the peaty water, and on the other hand between the 
neutral condition and lack of plumbo-solvent power of the spring water, 
is made very apparent by these results. 

* Acid neutralizing AhUitif, — In the sense of this report, negative acidity, 
alkalinity, and aeid neatralixing ability are interchangeable terms. Probably no 
moorland water is alkaline in quite the same sense that other waters are 
.nnqoeitionably acid. Tet many of these waters possess a slight power of 
nentimlising acid waters. Perhaps the term " acid neatraliaing ability " most 
clearly defines their pofition. 

B 88578. n 
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The chemical resnlto are sbowu in graphic form in diagrams 1 .to 12 
at the end of Part I. of this report. 



Bentham (Burnmoou) Moss Pool. 

The term '^Moss" Fool requires some little explanation. Although 
iti its immediate neighbourhood there was a greater abundance of moss 
than in the cnse of the peat pool^ both were typically peaty waters, 
and indeed the term was used rather to avoid the possibility of any 
confusion arising between the two sets of samples than from any idea 
that the waters were intrinsieRlly different in character. 

The water was examined at weekly intervals from November 9, 1891, 
to March 27, 1893, both dates inclusive. 

• The results obtained are given in Table V., and may be summed up 
as follows : — 

As regards total solids, free ammonia, albuminoid ammonia, oxidized 
nitrogen, oxygen absorbed from permanganate, chlorine, hardness, and 
dissolved oxygen, the average results in round numbers were 6*5,0*005, 
065, 028, 1*7, 0*92, 3*0, and 95 parts per 100,000 respectively. 

As to reaction, in fifty-three out of fifty-six samples the water had an 
acid reaction ; in the remaining three samples the water was neutral. 

As regards plumbo-solvency, all the samples dissolved lead, and 
usually the action was very pronounced. 

These results compare very closely with those of Bent ham Peat Pool. 

It is to be noted, however, that although the average results us regards 
degree of plurobo-solvency were nearly alike, namely, 1 "4 in the case of 
Bentham Moss Pool and 1 '3 in the case of Bent ham Peat Pool, the average 
amount of acidity was 1*3 in the former, ^ compared with 0*75 in the 
latter. Possibly the water of Bentham Moss Pool contained more peaty 
matters and was more discoloured than Bentham Peat Pool, which would 
tend to. make the results, as regards acidity, too high in relation to the 
plumbo-solvent ability of the water, 

Unlike the spring laraters, Ihe water of Bentham PcBt and Moss Pool 
nsually contained iron. During the course of the inquiry (not only at 
Bummoor, but on other gathering grounds) it was usually found that 
the greater the amount, of acidity in water, the more iron w^s there 
apt to bo present. The presence of iron, however, would seem to be 
commonly a concomitant factor, and not usually connected with the 
production of acid. I^ever the less, that this is not invariably the case 
will be shown later. 

The chemical results as regards Bentham Moss Pool are shown in 
graphic form in diagrams 13 to 23 appended to Part I. of this report* 



Bemtuam (Bubnmoor) Bbight Sxke Stream. 

The water was examined at weekly intervals from March 28, 1892, 
to March 27, 1893, both dates inclusive. 

. The results obtained are given in Table III. The water oi this 
(Stream, as has been already indicated, is to be regarded as a mixtnre in 
variable proportion (according, to the season of the rear, the rainfall, Ac.) 
of peaty waters (e.^., Bentham Peat and Moss Pool) and spring waters 
[e.ff., Bentham Spring No. 1 and No. 2). 
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The chief results may be enmrnarised as follows :' — 

As regards total solids, free ammonia, albuminoid ammonia, oxidized 
nitrogen, oxygen absorbed from permanganate, chlorine, hardness, and 
dissolved oxygen, the average results in round numbers were 5*0, 
0-005, 0014, 0023, 0-83, 0*9, 3*0, and 1*2 parts per 100,000 
respectively. 

These results differ in no material way from those recorded under 
Bentham Spring No. 1 ^nd No. 2. They would seem to differ from 
those given under Bentham Feat and Moss Pools only as regards 
albuminoid ammonia and oxygen absorbed from permanjf^anate, the 
figures being naturally "lower" owing to the presence of less vegetable 
matter. 

In respect of reaction the water of Bentham Brlgbt Syke Streani 
was invariably neutral (53 samples), and usually when appropriately 
tested it was found to have an appreciable power of neutralizing acid. 

As regards plumbo-solvcncy, on four occasions the water displayed a 
feeble plumbo-solvent ability. In all the remaining samples (49 in 
number) the water was fi*ee from any solvent action on lead. 

In respect of these negative qualities, it thus resembled Bentham 
Spring No> 2. It might have been expected that under special con- 
ditions the water of Bright Syke Stream would have been found 
possessed both of acidity and plumbo-solvency. Such a state of things 
might be produced by the first " washings " of the peat durmg a stornk 
succeediug a peripd of drought. In such a case it may be assumed that 
there would be washed into the water supply, in •concentrated form, 
neid substances produced in the peat in situ. Such acid substances, 
concentrated as regards acidity, and likewise large in bulk, might be 
expected to overcome the acid neutralizing ability of the spring water, 
now forming a relatively small proportion of the supply, owing to the 
superabundance of surface flood water. 

Although, somewhat contrary to expectation, this did not happen in 
the course of the long period during which Bright Syke Stream was 
kept under observation, there can be no question of' the fad that a 
stream of this kind, whose water is derived partly from peat and partly 
from sprinj^s, iis capable of changing itjs- character under the above con- 
ditions. This fact has since these experiments been verified on more 
than one gathermg ground and on several occasions. And with regard 
to Bright Syke Stream it is tolerably clear that at times its water was 
practically on the border line : in a condition, that is, of instability as. 
regards its power of dissolving lead. 

The results of the chemical examination of the water of Bentham 
Bright Syke Stream are shown in graphic form in Diagrams 3B to 47 
at the end of Part I. of this repoit. 



General Conclusions from the Results obtained frok 
Examination of the various selected Waters at Burnmoor, 

• 4 . « 

If^uence of Acidity. — It will liave been noted that, apart froiA 
reaction and action on lead, the various waters selected did not differ 
from each other in cheroi(*al composition to any notable extent, save as 
regards albuminoid ammonia and oxygen absorbed from permnnganate, 
both of which were higher in the case of the wateua with'peaiy origin. 
It is useful to put together in a table the chief average) results of the 
analyses. 

c 2 
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Chemical Examination of the several selected Bcbnmoob Watrba. 
(Average results stated as parts per 100,000.) 



Chemical Composition 
as regards 


Bentham 
Spring No. 2. 


Bentham 
Feat Pool. 


Bentham 
Moss Pool. 


Bentham 

Bright 8jke 

Stream. 


Totnl solids 


6-5 


7-0 


6-5 


5*0 


Free ammonia 


0*006 


0-005 


0*005 


0*005 


Albaminoid ammonia - 


002 


0*06 


065 


0-014 


Oxidized nitrogen 


0-025 


0-08 


028 


023 


Oxygen absorbed from 
permanganate. 


0-8 


1-8 


1-7 


0-33 


Chlorine 


0-9 


0-9 


0-92 


0*9 


Hardoess - • - 


3-0 


2-8 


SO 


3-0 


Dissolved oxygen 


102 


104 


0-96 


1-2 



Although on an average these waters differed from each other hardlj 
at all as regards -their chemical constituents, thej nevertheless showed, 
in respect of their action on lead and their reaction, the most striking 
points of distinction. These facts maj be emphasized in the following 



manner :- 



Beaction and Plombo- 
SoWenej. 



Waters representative of 

Moorland Springs and 

Streams (mixture in 

variable proportion of 

spring and peaty waters). 

Bentham Springs and 

Bright Syke Stream. 



Waters representatire of 
Moorlana Peafy Water 
unmixed (or nearly so) 

with Spring Water. 
Bentham Peat and Moss 
Pools. 



Neutral waters and waters 
apt to be poBseesecl as 
well of an appreciable 
amount of acid neutra- 
lising ability. 



Waters yielding an acid 
reaction and containing 
a measurable quantity 
of acid. 



Waters practically free 
from any lolTtnt action 
on lead. 



Waters possessed of strong 
plnmbo-solrent ability. 




J 
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These resalts, so far as they show mere associatioo of acidity with 
plumbo-solvencj, are, of course, not new. It has been noted on a 
number of occasions that moorland water supplies causing lead poisoning 
are apt to be ncid. But, except by Dr. Sincl&ir White, uo attempt has 
tiU now been made to establish how far acidity of itself is the essential 
factor in producing plumbo-solvency ; whether varying degrees of 
plumbo solvent ability are associated with corresponding variation!^ in 
acidity ; or whether chemical conditions other than acidity also materially 
affect the power of an acid water lo dissolve lead. Moreover, the con* 
ditions in nature which produce acidity had not been fully worked out 
in the past, and thus the primary source of plumbo-solvency could not be 
said to be fully understood. 

It has been shown that, when the average results are taken, the peat 
pools and spring waters did not differ to any notable extent in. their 
chemical composition, although the former were acid and dissolved lead, 
and that the latter were neutral and free from plumbo-solveut ability. 

The inferences which may be drawn from these average results are 
greatly strengthened wheu the individual records are studied. The 
diagrams relating to the chemical composition of the peaty waters 
(peat and moss pools) from week to week, and from month to month, 
show that observed variations in the amount of this or the other 
chemical constituent of the waters has, in each instance, failed to account 
for the variability in the degree of lead-dissolving property. 

When the variations in plumbo-solvency of the samples was contrasted 
respectively with their variations in composition as regards — 

(1) total solids, 

'0 



(2) organic matter, 

(3) oxidized nitrogen, 

(4) chlorine, 

(5) hardness, 

(6) dissolved oxygen, 



no parallelism was in any case found to exist. Whereas, when acidity 
and plumbo-solvency are considered together, the relation was close. 
Taken as a whole the correspondence between the tw^o conditions 
is quite unmistakable. Jt is true that the parallelism of amount 
of acidity and degree of plumbo-solvency was not always exact, 
either in the case of examination of multiple samples of a particular 
water, or when waters obtained from different sources were com- 
pared in respect of their qualities. It might have been anticipated 
that each water would probably possess its own standard of relation 
of lead-dissolving property to acidity, and that even in the case 
of a particular water, its own standard would be apt to fluctuate. 
I'he direct proportion between amount of acidity and degree of plumbo- 
solvency may quite easily depend upon variation in the nature of 
the acid present from time to time or upon the controlling influence 
of some outside factor or factors difficult to ascertain and impossible to 
estimate. Moreover, it must be remembered that we are dealing with 
very slight degrees of acidity, the exact equivalent of which is by no 
means easy to determine, even by the most delicate test.* So, too^ 
determination of the absolute degree of plumbo-solvency also presents 

* It might, perhaps, be sarmised that methyl-oraDge would prove a more reliable 
indicator than phenol-phthalein in estimating qoantitalively the ucidit j. But manjr 
moorland waters possessed of au appreciable solvent action on lead and showing 
distinct acid reaction when tested with lacmoid fail to give any evidence of aciditj 
on tektitig with meth}!- orange. In this connection it ij well to remember that do 

[Note continued on page 3S« 
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(lifficiiUi«Sk iJthough. the mo6t doiicaie available loethods were designed 
for . tbase eetimatiooB, and. great care waa taken, experimental error 
must he allowed {or. It wonld^ I tklnk, he hardly surprising if, as 
a maUer of actual fact^ the effect of experimental error has been that 
thci paraUelism batween acidity and pluaai*o-S4ilveiicj has rather been 
masked than usdulj disphijred. 

Influence of Rainfall^ Temperature^ and Seaion. — As an aid to the 
proper understanding of some of these matters, weekly records were 
kept of the rainfall, flow of the streams, and temperature (1 foot and 
4 teet) of the aoH on the Bummoor gathering ground. But it soon 
became apparent that when dealing with one out of many tributary 
*' feeders," the sum of which went to form a water supply^ weekly 
meteorological records confined to one spot were hardly sufficient. 
Between each periodical visit to the gathering ground violent and 
sudden 'tfuctuations occurred, of which no record could be obtained, and 
yet which were none the less of real importance. The meteorological 
observations available do not allow general inferences to be drawn ether 
than of a tentative and provisional character. So far as the rainftill is 
concerned, the data are shown in the diagrams relating to the plumbo- 
solvent ability and acidity of Bentliam Peat and Moss Pools, and it will 
be seen that no definite parallelism can be traced between the amount 
of rainfall and degree of plumbo^solvent ability, although possibly there 
is a slight indication of an inverse relation. But, in view of what has 
been said, failure from the available data to trace a direct relationship 
between the two must not be taken as proving that none exists. 

For 6uch a statement to be fully proved or disproved, daily, and 
during heavy rain hourly, records of rainfall would be needed, along 
with determination at corresponding intervals of tlie total yield of water 
and its acidity and ability to dissolve lead. 

As regards season, the Burnmuor experiments indicate that a<fidity 
and plumbo-solvency are apt to be at their maximum in the late summer 
and autumn. But the question of season is necessarily complicated by 
the rainfall. In each year the curve of acidity and plumbo-solvency 
would tend to be dominated, not so much by seasonal variations of tem- 
perature as by the manner of distribution of the rainfall throughout the 
12 months. The Bummoor experiments, together with the result of 
examination of multiple gathering grounds ebewhere at diffci*ent seasons 
of the year and under very variable conditions as regards the rainfall, 
permits of the following fhgts and inferences bcin«: put forward : — 

Mooriand waters, (mixture of surface peaty water and spring water) 
are not unfrequently neutral during the summer months and acid during 
autumn, winter, and spring. This would seem to result from the fact 
that during summer the neutral spring water relative to the acid surface 
water is usually at its maximum, and that during the rest of the year 
these conditions are commonly reversed. In the fire^t case we have a 
low rainfall, a high temperature, and a dry condition of the surface soil ; 
in the second a high rainfall, a lower temperature, and a surface soil 
uniformly moist cr sodden. This need not, however, prevent us from 
assuming that a high temperature provokes the production within certain 
limits of a greater amount of acid per unit of volume of water. For 
during warm seasons such water may be *' held back '* or '' stored," as it 

moozland waters are ever strongly acid in reality, only relatively so. But in view of 
the cdrciuastanoe that, lead is rery readily acted on by acidi, that eves the faintest 
trace of acid constitutes a source of danger owing to the ready solubility of the metal, 
and that lead poisoning is cumulative iu character, I have found it convenient to 
use sach terms as " very acid *' or " strongly acid/' but always in a rektive sense. 
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were iu the aubstance ot the peat, or may escape in bulk too small to 
affect sensiblj the reaction of the body of water constituting the water 
enpplv. Again, the low temperature may reasonably be supposed to 
retard the production of acid; while dt the ^me lime it- le^send the 
<eVHporation*y and do teDrds t^ keep the soil moist. Further, a moderate 
amount of rain may suffice to ^ash out of the peat acid substances 
lurevdoasly Bkaaafaotured without at the same time greatly diluting the 
acidity. On the other band a prolonged and heavy rainfall may in time 
wash away the acid substances already tutored in the peat, and at the 
-same time greatly dilute the deleterious acid matter still remaining or in 
process of manufacture. Hence in the cgtsp pf the moderate rainfall we 
may have a^ strongly acLd> water, but oue small iu total bulk, and in the 
case of the heavy and prolonged rainfall a water only feebly acid but 
enormous in quantity. 

. So &r<ab atttosil observations are concerned, the most acid > condition 
•of* moorland waters has beeneiMOuntered during a storm following on a 
^0riddtof drought, and when die first '^ washings " of the peat wdre being 
4$lti¥ied into^ the supply. 

The above by no means exhausts all the complex conditibtis which, to 
a greater or less degree, may bear on this question. For we may have 
wet summers and dry winters and cold summers and warm winters ; we 
may have warm dicing winds keeping the soil unduly dry irrespective 
of the rainfall, and, on the other hand, moist winds and mists retarding 
the ef«{k>retion' from the soil.' Agahi, some winters are ooospieuous as 
regards snow, others in respect- of frost. Lastly, the rainfall may be 
distributed pretty equally throughout the year or there may be long 
ibtelrvals duting which there is no rain, followed by shorter {^riods of 
abnormal rainfall. 

The following oondusions from the Burnmoor experiments may now 
be put forward :•— 

(1.) At Burnmoor the chemical composition of spring water, peaiy 
miter, and moorland spring (mixed) water, was very similar 
in respect of total solids, organic matter, oxidized nitrogen, 
chlorine, hardness, and dissolved oxygen, although peaty 
«7ater gave the highest results as regards organic matter. 

(2.) In the coivseoF a series oft examinations Y>f spring water, peaty 
water, and moorland stream water, carried over many months, 
it was found that variations in chemical composition in respect 
of total sclidff, organic matter, oxidized nitrogen, chlorine, 
liardness, and dissolved oxygen w«re in do case accompanied 
bj corresponding variations in plumbo- solvent ability. 

(3.) In respect of acidity, however, there was in general a marked 

contrast between the several waters, which corresponded to 

observed differences between them in lead<»dissolviiig property. 

'Moreover^ in the course of a long series of examinations 

•carried over many -months it was found thai in the case of a 

: given water variations in acidity were accompanied by cor- 

;< responding variatioas in ]^umbo-aolvent ability. And from 

these obs^vations^ since confirmed on a plurality of gathering 

pounds, it may bo affirmed that in general — 

(4.) Moorland spring water is netttnd and free from plumbo-solvent 
ability. Commonly it is possessed as well of a slight but still 
, . ., a^ appreciable degree of acid neutralizing ability. 
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(6.) Moorland peatj water is asnally distinctlj acid and possessed of 
a vigorous solvent action on lead. 

(6.) Moorland streams (mixture of spring and peaty water) are 
either neutral and free from plumbo-solvencj, or acid, and 
possessed of pliimbo-solvent ability. 

The ability to dissolve lead of a given moorland water of mixed 
origin, such as a stream fed partly from springs and partly by surface 
and peaty wafer, depends upon the degree of the acidity possessed by 
its acid constituent waters, upon the volume of these acid constituent 
v/aters relative to the total bulk of mixed water, and upon the volume- 
of the constituent waters which possess ability to neutralize acid. Here 
I may observe that laboratory experiments have shown conclusively 
that an acid peaty water may be deprived of its acidity and plumbo- 
solvency by admixture with sufficient quantity of moorland spring 
water possessed of acid neutralizing ability. Given a continuance of 
favourable counterbalancing conditions, a mixed water which constantly 
receives a proportion of highly acid water may nevertheless remaia 
without ability to act upon lead. 



LATER EXPERIMENTS AT BENTHAM RESERVOIR, 

BURNMOOR. 

During 1693 a further series of experiments were carried out at 
Burnmoor. 

'J'hese comprised the chemical analysis, on lines broadly parallel with 
the previous investigations, of the water of Bentham Reservoir. The 
samples of water were collected both from near the surface and near 
the foot of the water in the reservoir. 

Further the following waters were subjected to frequ3nt bacterial 
testing, namely : — 

Inflow water to Bentham Reservoir. 

Surface water of Bentham Reservoir. 

Water taken near the foot of Bentham Reservoir. 

Peat Pool water. 

Lastly, bacteriological examinations were made of numerous samples 
of Burnmoor peat soil. 



CnEHicAL Examination of the Water of Bentham Reservoir. 

It has already been pointed out that the Burnmoor supply to Bentham 
village was reputed to act on occasion vigorously on lead, and to have 
caused lead poisoning in the past. During the prolonged investigations 
carried out at Burnmoor which have been set out above, it was 
found that a tributary to this reservoir, Bright Syke Stream, did not 
become acid and possessed of plumbo-solvent ability, although certain 
of the contributory waters (Peat and Moss Pools) were strongly acid^ 
and acted on lead to a conspicuous extent. 

Bright Syke is not, however, the only source of supply of Bentham 
Reservoir, and in the circumstances it was considered advisable to ascer- 
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tain whether this reserToir water did, as a matter of fact, oocasionallj 
acquire plnmbo-solvent ability. For this purpose it was decided to 
subject to weeklj chemical tests the sum of the waters collected from 
the Bummoor gathering ground and stored in the reservoir, and it was 
decided to collect the samples both from near the surface and also 
from near the foot of the reservoir. 

The records of the chemical examinations of the water obtained from 
near the (I) surface and (2) foot of Bentham Reservoir are shown in the 
following Tables VI. and VII. :— 



K- 
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• Taulb 

« 

Showiag the BECOBir of ^m.Gu»icjli» Examination of the 

' 'Bdstdtd stated in 
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* Ai the water of Bentham Beeerroir waa nid to occasionally have an acid reaction, aamples of water wara 

Oct. 2» 8. 6, 6, 7, 8. 10. 12. 13, 14, 16^ 17»19. 80, 21. 28. 24, 28; Not. 4.11. 18. 86. The water, however, waaalwayi found ' 

t The haidneae of thii water waa found to be either not affected by boiling or to be aUghtly incnaaed ia amount. 
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Table 
Showing the Recobd of the Chemical Examination of the 

Results stated in 



Date of 
Collec- 
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• Ai the water of Bentham Reservoir was said to occaaionallv have an add reaction, samples were collected on 
t, 10^2, 18. 14, 16,17, 10, 20. 21, 23, 24k 28 ; Nov 4, 11. 18. 26. The water, however, was aJways found to have a 
t 'Hie havdneas of this water was found to be either unaffected by boihng, or to be slightly increased in amotint. 
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VII. 

Water obUiined from near the Foot of B£NTHaic Bbsebvoib. 
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the ftdipwingdatet besides those |clveii:Htopt.8.0,ll, 18.14,16,16|,18,l«p81.t8.28k26^iei29p28i80; Ooi.2.8.6d. 
neatral naetian, -»•»<>• «)i 
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In suxnmarj of the above results the following points are worthy of 
note : — 

The samples of water obtained from near the foot of the reservoir and 
those collected from near the surface did not differ the one from the 
other to any notable extent in their chemical composition. And although 
they were less '< soft," and coh tallied' more solids, they did not seem to 
differ much in other respects from the waters which have been con> 
Bidered in detail in the earlier part of this report. As regards reaction 
and action on lead, both sets of samples were found to be invariably 
neutral and free from plumbo-solveucy. 

Samples were collected for detailed examination at weekly intervals 
fronp August 4 to December 27^ 1893, both dates inclusive. Samples 
were also collected on 39 other occasions during September, October, 
and November 1893, and these were tested for their reaction. The 
water, -however, was always found to be neutral. 

In connexion with the above tables it will be noted that certain 
meteorological data are given. Tliese were obtained from instruments 
placed on the gathering ground in close relation to Bentham Peat and 
Moss Pools. 

During the whole period of observation, therefore, Bentham Reservoir 
WES proved to have no solvent action upon lead. The result was not 
altogether what had been anticipated, in view of the general statements 
which had been made before 1893 as to the lead-dissolving properties 
possessed by this water, and for the purposes of tiiis inquiry it is rather 
a matter for regret that it did not become pi umbo- sol vent during the 
period of my observation. The results obtained, however, are not 
without value in their negative aspects. They furnish a good example of 
a moorland water supply which may be neutral and free from action oa 
lead, although certain of its contributory waters are possessed of acidity 
and plumbo-solvency in oonspicnoas degree. Here, as in the case of 
Bright Syke Stream, there can be little doubt of the reason. 

The resblt is to be traced to the presence in sufficient amount of other 
contributory waters of different sort, namely, neutral spring waters, and 
waters, moreover, possessed of an appreciable degree of acid neutraliz- 
ing ability. Obviously conditions might at times arise which disturb 
the balance, and if as a fact Bentham Reservoir at other times has been 
acid and posc^essed of ability to dissolve lead, the circumstanoe is not 
necessarily inconsistent with the facts observed in 1893. 



Bacteriological Examination of Bdrmmoob Waters. 

It is convenient first to record the, results of bacteriological examioa- 
tion of the inflow water to Bentham Reservoir and the water of the 
i*eservoir collected both from near the foot of the reservoir and neai- the 
surface. 
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Table VIII. 
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19 



Description of the Siiiiple of Water. 



Date of 
Collec- 
tion and 
of Examl 
nation. 



Number 

of cc. 

added. 

to the 

nutrient 

Gelatin. 



Num- 

hereof 

"Experi* 

ments. 



Peaty water, inflow to Benthatft Reserroir 



n 
»» 

>• 



w 



M 



*• 



a* 



*> 



*f 



*• 



>t 



n 



*» 



M 



!• 



» 



»» 



•* 



»$ 



n 



»t 



i> 



w 



»* 



i* 



>* 



f> 



i* 



If 



»f 



tt 



n 



» 



Average number of microbes 



Averaf^e 
Number 

of 

Microbe» 

in 1 o.c» 

of the 

Wat€r. 



1893. 
- Aug. ti 


c.c. 
0-6 


8 


- « SO 


0*3 


2 


• Sept. 6 


0*166 


8 


- „ IS 


Oil 


2 


- « 20 


Oil 


2 


- n 27 


0-11 


2 


• Oct. 4 


0-11 


2 


« n 


0-11 


2 


• M 18 


0-n 


2 


- .. 26 


00S6 


1 


- Nov. 1 


0-08 • 


8 


tt •* 


006 


2 


M n 


0-08 


2 


- „ 22 


0-08 


2 


•* 29 


0*08 


8 


- Dec. 6 


0*08 


2 


- n 13 


0*08 


8 


- „ 20 


0*12 


8 


» 27 


008 


2 



1.878 
604 

1^4 
S7S 

i;m6 

1,134 

5,860 

1.098 

2,82e' 

79S 

11,176 

60O 

700* 

4,160 

1.176 

1,426 

1,712 
700 



2,140 



* Liquefying colonies too numerous to allow of accurate counting. 



J 
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Table IX. 

Results of the Bagtbbiolooical Analysis of the Subfagb Wateb 

of Bbntham Besbbyoir. 



1 

2 

■S 

4 

4i 

6 

7 

8* 

9 

10 

11 

U 

18 

14 

15 

16 

17 

18 

19 



DeMiiplion of the Sample of Water. 



Surface (peatj) water. Bentham Besenroir 



•> 



M 



l> 



t* 



$9 



• I 



f> 



M 



M 



** 



»• 



M 



»« 



»• 



tf 



Date of 
OoUeotion 

and of 

Bxamina* 

tion. 



Number 

of &c 

added to 

the 
Nutrient 
Gelatin. 



Kum- 

berof 

Bxperi- 

ments. 



1808. 
. Aug. 24 


C.C 

0-86 


. .. 80 


0*167 


. Sept. e 


0*21 


- « 18 


0*08 


. „ 20 


0*06 


. - 27 


0*08 


. Oct. 4 


0-06 


. „ 11 


0*04 


- » 18 


0-08 


« 26 


0-06 


- Nov. 1 


0-074 


- » 8 


0-067 


. M 16 


0-087 


■ H 28 


0*074 


- u 20 


0-074 


. Dec. 6 


0-067 


- * 18 


0-074 


M 20 


0-074 


- „ 27 


0-074 



Average 

number 

of^ 

miorobee 

inl&c. 

of the 

Water. 



Avenge number of miorobei 



8 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
1 
1 
2 
2 
1 
2 
2 
2 



662 

1.044 
888 

3.646 
840 

2,784 
406 

2,138 
2,016 
1,080 
1,134 
^606 

8S7 

• 

1.750 
1,486 



U882 



* Liqnef jing coloniei too namerona to allow of accurate ooonting. 
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Table X. 

Results of the Bactebiolooical Analysis of the Water at the 

Foot of BeNrHAM Beskbvoib. 



Experiment, j 


« 

IBeicription of the Sample of Water. 


Date of 
Colleetion 

and of 
Examina- 
tion. 


Number 

of C.C. 

added to. 

the 
Nutrient 
Gelatine. 


Num- 
ber of 
Experi- 
ments. 


Average 
number 

of 

microbes 

in 1 C.C. 

of the 

Water. 


1 
1 Peaty water, foot of Bentham Beaervoir - 


1888. 
Aug. 24 


CO. 


^ 


•. 


2 . 

1 


■ • • 




.. 30 


0*22.3 


2 


• 


9 








Sept. 6 


0285 


2 


618 


*!- 








» IS 


0*14 


2 


1.466 


6 










» 20 


014 


2 


2;»4 


6 










„ 27 


014 


2 


1^1 


7 










Oct. 4 


007 


1 


0^20 


8 










» 11 


014 


2 


1.038 













„ 18 


014 


2 


1,484 


10 


• • • 








M 25 


0'14 


2 


443 


11 










Nov! 1 


006 


1 


5,888 


12 










« 8 


0*12 


2 


2,906 


IS 










» 15 


0-06 


1 


m 


14 










It 22 


012 


2 


1,07* 


15 










*» 20 


012 


2 


4,416 


16 










Dec. 6 


0-12 


2 


1,632 


17 










.. 18 


0*12 


2 


• 


18 










„ 20 


008 


2 


2,764 


19 










„ 27 


012 


2 

• m 


1,860 








Ai 


rerageuan 


1 
tberof mici 


■obes 


2.44B 



* Liquefying colonies too numerous to allow of aoourate counting. 



E 88578 



1> 
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These results, together with records &s regards the rainfall, are shown 
in diagram 47. 

The average numher of microbes in the various waters was as 
follows : — 

Inflow water to Ben tham Reservoir. Microbes per c.c. 2,140 
Surface water of Bentham Reservoir. Microbes per 

C.C. - 1,162 

Water at the foot of Bentham Reservoir. Microbes 

per cc. - • - - - - - 2,446 

It will be noted that the number of microbe« was large in all the 
waters, that the inflow water contained more bacteria than the surface 
water, and that the water collected from near the foot of the reservoir 
contained the largest number of micro-organisms. 

A reference to diagram 47 would seem to show that a rise or fall 
above or below the mean in the number of bacteria in one or other, or 
in all three, of the samples, was usually associated with corresponding 
wet or dry weather. 

To some extent there was a parallelism* between the' number of 
bacteria in the individual samples obtained from the three sources on 
comparable dates, and this measure of correspondence seemed to be 
best seen in the case of the reservoir samples. 

A.S regards the kinds of bacteria found in the various waters, the^e did 
not seem to be widely different either the one from the otLer or from 
the bacterial flora of most potable ^'aters. B. fluorescens liqnefaciens 
was usually present in great numbers, and three distinct varieties of 
B. fluorescens non-liquefaciens were frequently met with in the cultiva- 
tions. Occasionally B. lanthinus, B. arborescens, proteus-like forms, 
B. subtilis, B. raesentericus, cladothrix.dichotoma, &c., were noted. 

It is of interest, in the next place, to contrast the above results with 
those obtained during the bacteriological examination of Bummoar Peat 
Pool water, shown in Table XVI. of the series which follows : — 
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Table XI. 

Showing the Results of the Bacteriological Analysis of Bbxthax 

Peat Soil for Aerobic Micro -Organisms. 

The samples of i>eat soil were taken from a little below (a few 

inches) the surface. 






Deacription of the Sample of 
Peat Soil. 



Date of 
Collec- 
tion 
and of 
Eximi- 
nation. 



Amount 
of Dilu 
tion of 
the Peat 
with 
sterile 
Water. 

GrainB. 
inSOO 
c.c« 
sterile 
Water. 



Num- 
ber of 
Experi- 
ments. 



Number 

of C.C. 

Soil 

Mixture 

added to 

the 
nutrient 
Gelatin. 



Average 
Numbw 

of 
microbes 

inl 

Gramme 

of the 

Peat Boil. 



Per- 
centage 
amount 
of Mois- 
ture 
in the 
Peat. 



A. 

B. 
0. 
D. 
K. 
P. 
G. 
H. 



Bentham peat soil (a little below 
surflMH) level). 



n M 



n n 



t» »f 



I* 



n ft 



II II 



M 



n 



«• 



i> 



w 


1893. 
Nov. 8 


4*288 


2 


C.C. 

007 


* 

24,600 




« 13 


fi'292 


2 


0-40 


73.000 




.. 22 


4-297 


2 


0*85 


48,860 




1, 29 


4*04 


2 


* 0-85 


3L000 




Dec. 6 


6*201 


2 


0*176 


40.860 




.. w 


7*024 


1 


0*86 


12,000 




11 20 


8-678 


2 


0*86 


60,900 




., 27 


7*894 


2 


0*85 


81,900 



Average of 16 experiments with 8 samples of peat soil 



7o 
82 



91 
07 
82 
64 

74 
64 
87 






30.068 I 79 
^average */» 
moisture. 



O 2 
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Table XII. 

Showing the Eesults of the Bacteriological Analysis of Bbntham 
PjfiAT Soil for Anaerobic Micro-Obganisms. 

The samples of peat were taken from the surface layers. 



S 

B 
I 



Description of the Sample of 
Peat Soil. 



Date of 
Collec- 
tion 
and of 
Exami- 
nation. 



Amount 
of Dilu 
tion of 
the Peat 
with 
sterile 
Water. 

Grams. 
infiOO 

C.C. 

Water. 



Num- 
ber of 
Experi- 
ments. 



Number 

of C.C. 

Soil 

Mixture 

added to 

the 
nutrient 
Gelatin. 






Average 
Number 

of 
microbes 

inl 

Gramme 

of the 

Peat 

Soil. 



Per- 

oentago 

amount 

of M0)8> 

ture 
in the 
Peat. 



A. 



Bentham peat soil (surface level) 



B. 


n 


C. 


It 


D. 


t» 


E. 


»% 


P. 


n 


O. 


>» 


H. 


» 


1. 


>» 


J. 


«• 


K. 


t» 


l. 


»> 


U. 


$t 


N. 


M 


0. 


It 


P. 


U 


Q. 


M 



M 
»■ 
I* 
II 



I* 



tl 



»» 



» 



M 



18dS. 
Sept. 6 

.. IS 

M 20 

.. 27 

Oct. 4 ' 

« 11 

« 18 

** 25 

Nov.l 



tf 



8 



.. 15 

., 22 

» 29 

Deo. 6 

,. IS 

» 20 

.. 27 



4*509 

6'6e7 

12*628 

10*502 

8*902 

6*088 

6*776 

4'&S4 

6*975 

12*766 

8-026 

6*446 

9*180 

14*335 

11 168 

8*142 

18*937 



1 
2 



c.c. 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



Average number of anaerobic liacteria 



1.660 

• 

2,450 
2,290 
6.750 
6.650 
5.000 
18.150 

41.000 

16^500 

1,700 

6,100 

795 

1,765 



7.985 



78 



56 
78 
71 
81 

81 

79 

75 

87 

88 

74 

71 

62 

87 

71 

87 

8!i 



* The experiment failed.^ 
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Table XIII. 

Showing the Results of the Bacteriological Analysis of Benthav 
l^EAT Soil for Akhobic Micro-Oboanisms. 

The samples of peat were taken from the surface layers. 



S3 

B 



1 

2 

9 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

18 

16 

17 

18 

19 

10 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 



Description of the Ssmple of 
Peat Soil. 



fientham peat soil (sorfioe lerel) 



ft 



»i 



W y ff 

M ft 



tf 



Date of 
Collec- 
tion 
and of 

■ Exam. 

ination. 



Amoant 
ofDilu- 
tionof 
the Peat 
with 
sterile 
Water. , 
Grams. 

in 
SOOcc 
Water. 



Num- 
ber of 
Ezpoi- 
ments. 



Number 


Average 


of CO. 


Number 


Soil Mix- 


ot 


tare 


microbes 


added 


inl 


to the 


Gramme 


nutrient 


of the 


Gelatin. 


Peat Soil. 



Per- 
oentage 
Amoant 
of Mois- 
ture 
in the 
Peat. 



1898. 
Aug. 8 


I'S 


8 


- - 8 


4-0 


8 


- H 80 


4-648 


2 


- « 80 


8-966 


2 


• Sept. 6 


4-609 


2 


• .. 6 


10-429 


2 


- „ IS 


6*067 


2 


• n 18 


8-847 


2 


• i. 20 


12-628 


2 


- .. 20 


11-428 


2 


• M 27 


10-602 


2 


- .. 27 


8-61 


2 


- Oct. 4 


8-002 


2 


- ., 4 


6-862 


2 


- .. 11 


6-068 


8 


- « 11 


.6-420 


8 


• ' « 18 


6-776 


8 


• » 18 


6-610 


8 


• .. 28 


4-984 


2 


- .. 25 


6-746 


2 


- Nov. I 


6-976 


8 


• .. 1 


11169 


2 


- « 8 


12-766 


2 


- .. 16 


8-026 


2 


• ft 22 


6-446 


2 


- „ 29 


9-18 


2 


• Dec. 6 


14*886 


2 


• .. IS 


ll-]68 


1 


- « 20 


8-142 


2 


• „ 27 

) 


13-987 


2 



cos. 
0-72 

0-72 

0-44 

0*44 

0-166 

0-166 

0-122 

0*122 

0-06 

0-112 

O-06 

0-112 

0-06 

0-112 

0-12 

0*12 

0-18 

0-162 

0-08 

0-112 

0-12 

007 

0-08 

0*07 

0*08 

0*08 

0-08 

0*04 

0-08 

0-08 



62,000 

86,000 

162,000 

27<U00 

488^600 

87Sf600 

188,5«0 

119.600 

29,500 

11L600 

114^000 

140,600 

228,000 

260^000 

164,000 

10lb400 

161,260 

88»O0O 

126^600 

1,044^600 

440^600 

180,600 

141,960 

179,600 

187,500 

108,760 

25^000 

24^600 

85400 

86350 



82 



90 



78 
81 
56 
67 
78 
81 
71 
70 
81 
83 
81 
81 
79 
76 
76 
74 
87 
80 
88 
74 
71 
82 
87 
71 
87 
82 



Average of 66 experiments with 80 samples of peat soil 



{ 



191,158 I 77 
-average per cent, 
moiiiture. 
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Table XIV. 
List of Micro-Organisms isolated from Bentham Peat Soil. 



1^1 icroOrganisms isolated and identified. 



EemarkB. 



Bacill as mycoidea 



Bacillus fluorescens liquefaciens - 
Bacillus fliiorescens non-liquefacieus, A. 

*• »• M B. 

Bacill 08 subtilis . . . . 



Potato Bacillus (a variety of Bacillus mesen- 
tericusvulgatus). 

Bacillus gasoformans(P) - . . . 

Bacillus arborescens - - . . 

Proteus-like forms - - • . . 

Saccbarumycetes. Pink and white torulae - 

Hyphomycetes. Many different form*. 



ThiH micrD'OrfFanisnii which is commonly met 
with in cultivated soil, is oomparalively rare 
in peat soil. 

As compared with peat water cultivation, un- 
common in peat soiL 



j Two distinct varieties. 



These two organisms ran usually be obtained 
by heating a mixture of peat and water to 
80** C, and then inoculating nutrient gela- 
tin with a considerable quantity of the soil 
mixture. 

Not nearly so common as in peat water culti- 
vations. 



I 



Not very commonly met with. 



Lnlike -peat water, peat soil is rich in yeast 
and mould fungi. They are, no doubt, 
derived from the air and iind in surface peat 
soil a suitable nidus owing to its moist 
character and acid re-action. 



A large number of other micro oii^anisma not identified. A full description of two of these 
Will be found elsewhere. 



Tabik XV. 

List of Micro Organisms isolated from Cultivations of Bentham 

Peat Water. 



Micro-Organisms isolated and identified. 



Remarks. 



Bacillus fluorescens llquefa:!iens 

Bacillus fluorescens non-liquefacicns, A. -^ 

»» M B. • r 

»» >* C -y 

Bacillus arborescens (P A.) - . . C 

(PB.) - - .]^ 

Bacillus subtilis • - - - .'^ 
BacHlus flflTUrans ) 

Proteus-Iikcfor™, ( &'," ^llSSt,'!' l} 
Bacillus gasoformBns(P) .... 

Bacillus ianthiniis • 

Micrococcus ciunabareus - -"^ 

Cladothrix d:chotoma ) 

Teast colonies and moulds 



Very commonly met with. 

Three disMnct varieties of this organism 
frequently encountered. 



It is a question if there are not two varieties of 
this organism, differing slightly in their 
biological characters. 



Not commonly met with. 

The P. mirabilis was very rarely noticed. 

Very «H>mmon. 

Met with fairly often. 

Rare. 

Occasionally met with. 



A considerable number of other micro-organisms were isolated, but their identification was 
not considered sufficiently certain to allow of their introduction into this table. 
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Table XVI. 

BssuLTS of the Ragtebiolooioal Analysis of the Water of 

Bentham Prat Pool. 



8 

"Si 

S 



A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 



Description of the Sample of Water. 



Date of 
Collec- 
tion and 
of Exami- 
nation. 



Number 
of C.C. 

added 

to the 

nutrient 

Gelatin. 



Num- 
ber of 
Experi- 
ments. 



Acid water of Bentham Peat Pool 



1898. 
Nov. 8 

.. 15 

M 22 

M 29 

Dec. 6 

M IS 

» 20 

M 27 



Average of 15 experiments with 8 samples of water 



•• 



t» 



0.0. 

0-17 
0-SI 
0*88 
0*83 
0*34 
017 
0*16 
0-34 



Average 
Number 

of 

microbes 

inl cc. 

of the 

Water. 



2 

2 
2 
2 
2 
1 
2 
2 



812 
60 

441 

216 
80 

812 
44 
6^ 



190 



As regards Bentham Peat Pool (Table XVI.), it is to bo noted 
tbnt tbe average number of microbes was only 190 per e.c., and that 
half the number of examples contained less than 100 bacteria in 1 cc. 

This water, it will be remembered, was found to be habitually acid, 
and it is possible that the acidity inhibited bacterial growth. The 
inflow water to Bentham Reservoir, on the other hand, was alwaya 
neutral, and was a mixture in variable proportion of surface peaty water 
and spring water. It is difficult to explain the great difference in the 
number of bacteria in these two liiaters, unle.'^s on the ground of 
difference of reaction as regards acidity, particnlarly as the peat pool 
water contained more organic matter, although this was chiefly, if 
not entirely, of vegetable sort. II is, indeed, possible that the water 
collected on the gathering ground became sabsequently contaminated 
on its way to Ihe reservoir ; and this conjecture received some support 
from the fact that the water supplying Bentham Reservoir flows near 
to a farmhouse. However this may be, it is important to note that a 
water representing rainfall- water that had remained in sustained contact 
with peat and decaying vegetable organic matter did not contain a larpi^ 
number of microbes. 

As to the kinds of bacteria found in the cultures, these did not seem 
to differ to any material extent from those found in the water of 
Bentham Reservoir. Possibly, however, the water of Bentham Peat 
Pool approached nearer to peat soil in the character of its contained 
germs than the water of Bentham Reservoir. 

Next, as regards the bacteriological examination of Bentham 
(Bummoor) peat soil. 

Table XIII., above, gives an account of the bacteriological examina- 
tion of the surface layers of Bentham peat soil for aerobic micro- 
organisms. 

Here the average number of bacteria in 30 samples of peat soil 
was 191,153 per gramme. This number, large as it may seem, is 
nevertheless small as compared with the bacterial flora of cultivated 
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boiIh, atid is even less than the nufober of microbes commonly found in 
most virgin soils. 

A^ regards tK^ kittil ^ bactteria fcthid rh the ''culture; itis to be noted 
that moulds and yeasts were usually present in abundance, and, unlike 
soils in general, B. Mycoides was only occasionally met with. The 
moulds find yeasts are doubtless derived from the atmosphere, and the 
reason why they flourish in peaty Foil is probably due to the acidity of 
peat an'l its moist and untritious character. Fluorescent bacteria and 
microbes belonging to the subtilis and mesentericus groups do not 
appear to be as numerous in peat as in soil obtained from other sources. 

All the samples of peat were collected at different points on the 
Bentham (Burnmoor) gathering grounds, and all were taken from the 
surface layers. 

But a number of experiments were also carried out with peat soil 
collected a few inchis below the surface The results obtained in this 
case are sliown in Table XI., above. 

It will be seen from the above fable that eight samples of peat soil 
yielded on an arerage 39,063 bacteida per gramme. Thus, the number 
of microbes in peaty soil is distinctly less a few inches below the surface 
than immediately at the surface ; the figures being 39,063 as compared 
with 191,153. Further, mould and yeast fungi are fewer in number in 
the deeper layers of peat soil. 

A series of experiments was also carried out to det'^rmine the number 
of anaerobic bacteria in peaty soil, and Table XII. gives the results of 
the bacteriological examination of Bentham peat soil for anaerobic 
bacteria. 

It will be seen on reference to this table tliat the average number oi 
anaerobic microbes was 7,985 per gramme. 

There did not seem to be any very great diversity of species among 
the anaerobic peat micro-organisms. Most of them appeared to be 
facultative anaerobe.^, and to grow most luxuriantly under aerobic 
conditions. 



AciDixy OF Peat Soil in relation to Bactebial Action. 

The surface of moist peat on the Bentham gathering ground was 
ibund'to be invariably acid in reaction. The tests were made with 
blue litmus paper pressed against the peat, not with the fingers, but 
with a piece of stone, fragment of heath, or other object picked up from 
the gathering gronnd. These tests were made weekly for some months 
in 1893, each time at a number of different spots. Fresh place» were 
chosen at each visit. At later dates the reaction of peaty surface soil 
had been tested by me frequently in course of my survey of different 
gathering grounds in Lancashire and Yorkshire, sdways with the same 
result. From this I came to conclude that although water is the vehicle 
which carries the acid substances to the waterworks, the antecedent 
<!ause of the acidity lies in processes taking place in the peat ilaelf. 
This led to a considerable amount of work in determining the part 
played by bacteria m the production of acid in peat. The results have 
been given in outline by Mr. Power in his memorandum in the Report 
of the Medical Officer of the Board for 1893-4, and the details will 
be given in a subsequent report. Here, however, for the sake of 
completeness, it will be well to refer to a few of the results. 

Peat brought into contact with neutral rain and distilled water, in 
such a way as to simulate the stagnation of rain in depressions of peat, 
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and the percolation of raia* water through peaty soil, invariably conferred 
acid properties and pi umbo- solvent ability upon the water. Acid peaty 
water obtained from moorland gathering grounds and stored in bottles 
under varying conditions never showed an increase in acidity, but 
rather an appreciable decrease. Such water neutralized before being 
stored in bottle never recovered acidity. Hence it may be conclude* 1 
that moorland water when separated from peat has completed its 
history so far as production of acid is concerned. Then as regards tho 
production of acid in the peat itself. A mixtui^ of peat bacteria, when 
grown in neutral sterile decoction made solely from peat, rendered the 
liquid acid and plumbo-solvent. When the experiment was repeated with 
certain individual species of peat bacteria in pure cultivation, the result 
was in nearly all cases otherwise — the decoction remained neutral and 
bad no action upon lead. Two microbes, however (provisionally 
termed peat bacteria O and Q in Mr. Power's Memorandum) jielded 
positive results. Each had the power, when grown in a neutral peat 
decoction, of rendering the liquid acid and conferring on it ability to 
dissolve lead. The net result of the experiments has thus been to afford 
presumptive evidence of the strongest kind that the antecedent cause of 
the acidity and plum1)o-solvent ability of a moorland water is tlie vital 
action of particular species of bacteria in moist peat soil. 
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sotlH, aud is eveu less than the nufober of microbes commonly found in 
most virgin soils. 

A^ i**ards tK^ kitttl ^f bftcferia fetlnd ih the'ctiltures; it'is to be noted 
that moulds and yeasts were usually presant in abundance, and, unHke 
soils in general, B. Mycoides was only occasionally met with. The 
moulds and yeasts are doubtless derived from the atmosphere, and the 
reason why they flourish in peaty Foil is probably due to the acidity of 
peat an«l its moist and untritious character. Fluorescent bacteria and 
microbes belonging to the subtilis and meseatericus groups do not 
appear to be as numerous in peat as in soil obtained from other sources. 

All the samples of peat were collected at different points on the 
Bentham (Burnmoor) gathering grounds, and all were taken from the 
surface layers. 

But a number of experiments were also carried out with peat soil 
collected a-few inckfs below the surjace. The results obtained in this 
case are shown in Table XI., above. 

It will be seen from the above table that eight samples of peat soil 
yielded on an a7erage 39,063 bacteria per gramme. Thus, the number 
of microbes in peaty soil is distinctly less a few inches below the surface 
than immediately at the surface ; the figuras being 39,063 as compared 
with 191,153. Further, mould and yeast fungi are fewer in number in 
the deeper layers of peat soil. 

A series of experiments was also carried out to det'?rmine the nutnber 
of anaerobic bacteria in peaty soil, and Table XII. gives the results of 
the bacteriological examination of Bentbam peat soil for anaerobic 
bactf^rin. 

It will be seen on reference to this table that the average number of 
anaerobic microbes was 7,985 per gramme. 

There did not seem to be any very great diversity of species among 
the anaerobic peat micro-organisms. Most of them appeared to be 
facultative anaerobes, aud to grow most luxuriantly under aerobic 
conditions. 



AciDiTv OF Peat Soil ik bblation to Bactebial Action. 

The surface of moist peat on the Bentham gathering ground was 
^ound'to be invariably acid in reaction. The tests were made with 
blue litmus paper pressed against the peat, not with tho fiug^rs, but 
with a piece of stone, fragment of heath, or other object picked up from 
the gathering ground. These tests were made weekly for some mon^ 
in 1893, each time at a number of different spots. Fresh places were 
chosen at each visit. At later dates the reaction of peaty surface soil 
had been tested by me frequently in course of my survey of different 
gathering grounds in Lancashire and Yorkshire, sdways with the same 
result. From this I came to conclude that although water is the vehicle 
which carries the acid substances to the waterworks, the antecedent 
cause of the acidity lies in processes taking place in the peat itself. 
This led to a considerable amount of work in determining the part 
played by bacteria in the production of acid in peat. The results have 
been given in outline by Mr. Power in his memorandum in the Report 
of the Medical Officer of the Board for 1893-4, and the details will 
be given in a subsequent report. Here, however, for the sake of 
completeness, it will be well to refer to a few of the results. 

Peat brought into contact with neutral rain and distilled water, in 
such a way as to simulate the stagnation of rain in depressions of peat, 
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and the percolation of rain- water through peat j soil, invariably conferred 
acid properties and plumbo-solvent abilitj upon the water. Acid peaty 
water obtained from moorland gathering grounds and stored in bottles 
under varying conditions never showed an increase in acidity, but 
rather an appreciable decrease. Such water neutralized before being 
stored in bottle never recovered acidity. Hence it may be concluded 
that moorland water when separated from peat has completed its 
history so far as production of acid is concerned. Then as regards tho 
production of acid in the peat itself. A mixtui-e of peat bacteria, when 
grown in neutral sterile decoction made solely from peat, rendered the 
liquid acid and plumbo-solvent. When the experiment was repeated with 
certain individual species of peat bacteria in pure cultivation, the result 
was in nearly all cases otherwise — the decoction remained neutral and 
had no action upon lead. Two microbes, however (provisionally 
termed peat bactena O and Q in Mr. Power's Memorandum) yielded 
positive results. Each had the power, when grown in a neutral peat 
decoction, of rendering the liquid acid and conferring on it ability to 
dissolve lead. The net result of the experiments has thus been to afford 
presumptive evidence of the strongest kind that the antecedent cause of 
the acidity and pluml30-solvent ability of a moorland water is the vital 
action of particular species of bacteria in moist peat soil. 
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PART II. 



RESULTS OF SURVEY OF MOORLAND 
GATHERING GROUNDS IN LANCASHIRE 
AND YORKSHIRE. 
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Part II.— Results of Survey of Moorland Gathering 
Grounds in Lancashire and Yorkshire. 



SECTION L— INTRODUCTORY. 



This part of the report contains an account of the results of the 
inspection of the chief moorhind gathering grounds in Yorkshire 
and I^ncashire. Twenty-three waterworks were visited (I'l in 
Lancashire and 12 in Yorkshire), and in each case a survey was made 
of their respective gathering grounds; the chief object being to 
ascertain the physical characters of the different drainage areas, and the 
chemical quality of the various waters as regards their reaction^ qud 
acidity, and their action on lead. 

Previous to this inquiry it was known that towns supplied with 
moorland water sometimes suffered from epidemics of lead poisoning, 
but the reason why some towns so supplied escaped and others were 
seriously affected was by no means clear. In the case of Sheffield » 
however, it had been shown that the portion of the town affected with 
lead poisoning received its supply from the *' high level " service, whereas 
the rest of the town was supplied with water from the " low level " 
supply. And it had been found that the former water was acid and the 
latter neutral, and this difference in the reaction of the two waters was 
attributed to a difference in the physical characters of the " high" and 
" low " level gathering ground?. Subsequently, the " high level '* 
supply was treated with lime, which neutralised the acidity, and lead 
poisoning was no longer complained of. But while from these and other 
observations it had come to be recognised that acid moorland waters 
dissolved lead, and further that acidity, to which the water owed its 
plumbo-solvent ability, was probably associated with a peaty origin, the 
antecedent cause of the acidity of moorland waters had not been 
established on a basi» of broad observation* 

Moreover, no attempt had been made properly to investigate tbip 
quality as regards acidity and ability to act upon lead of the different 
** kinds " of water met with on moorland gathering grounds : to differ- 
entiate, for example, spring water, water draining from peaty soil or 
lying stagnant in peaty pools, and ** mixed *' spring and surface water. 
Neither had any work been done in the direction of comparing 4he 
physical characters of a number of different moorland gathering grounds 
in respect of the different quality of the water supplied by them. 



«2 

In Part I. I have show^n how, at the co nmencement of the iuquirj, 

the gathering ground of Burnmoor was selected as affording a number of 

typical illustrations of the different '* kinds " of water usually yielded 

.by moorland gathering grounds and kept under continuous observation 

during a number of yeai's. 

The general results of this part of the inquiry up to 1894 were set 
ont in Mr. Power's memorandum '' On the causes of Lead Poisoning," 
published in that year,* and further data have been given in 
Part I. of this report. They showed that sprithg toater was 
neutral, free frem plumbo-solvent action, and possessed of some acid- 
neutralising ability ; whereas peaty water was acid, and dissolveil 
lead to an extent chiefly dependent on the amount of acidity. Further, 
it was shown that ihe action on lead was not to be associated with 
any observed chemical condition other than acidity, as, for example, the 
amount of organic matter, dissolved oxygen, oxidised nitrogen, <&c. It has 
been shown that peat when moi&t is itself invariably acid, and it has been 
indicated that a water when it has '^ left " the peat has completed its 
history so far as acquisition of acidity is concerned. This circumstance 
of acidity arising in, and determined by the peat itself gave rise to a 
prolonged series of experiments. One direction these experiments took 
was to ascertain whether a mixture of peat bacteria could, when added to 
and grovirn ina neutral sterile decoction made solely from peat, give lise 
to acidity and plumbo-solvent ability of the liquid. It has already been 
stated that the result was affirmative, and that pure cultures of certain 
bacteria isolated from peat could effect a similar change in peat decoction. 
Here then was an explanation, although not necessarily the right or only 
one, of the antecedent cause of the acidity of moorland waters. Another 
direction the experiments took was determining the effect of removing 
peat from various gathering grounds and placing it in the laboratory 
under conditions resembling as closely as possible those on the moors 
as regards the relation of the peat to the rainfall. Thu3 artificial peat 
pools were constructed and neutral water was filtered through peat 
both continuously and also intermittently. The results were all alike 
in one respect, and showed that a small amount of peat can render 
acid a relatively large bulk of neutral water. 

The results of these and of numerous other experiments led to my being 
instructed to make surveys of the chief moorland gathering grounds in 
Tt^rkshire and Lancashire. For it was manifestly of great importance to 
apply the knowledge gained at Burnmoor to other gathering grounds, and 
to see whether the information gained there was to be regarded as of 
general or only of local value. As a matter of fact, prior to the actual 
commencement of work at Burnmoor, a scheme had been formulated 
which took note of this very circumstancei namely, the necessity of sup- 

*■ Beport of the Medical OiBoer, Loca] Grovemment Board, Lead PoiaoniDg by 
Moorland Waien. . 



63 

plemontiDg and extending the information which it was anticipated would 
be obtained '' locally " at Bnmmoor, bj careful inspection of the physical 
characters of other gathering grounds in relation to the quality of water 
supplied by them, and of comparing the results obtained on one area 
with those of other and quite separate areas. 

The following is a list, alphabetically arranged, of the waterworks of 
which surveys were made : — 

1. Ashton-under-Lyne, Stalybridge, and Dukinfield (District) Water- 

works Joint Committee ; Lancashire. 

2. Bacup Corporation Waterworks ; Lancashire. 

3. Barnsley Corporation Waterworks ; Yorkshire. 

4. Barrow-in*Furness Corporation Waterworks ; Lancashire. 

5. Batley Corporation Waterworks ; Yorkshire. 

. 6. Blackburn Corporation Waterworks ; Lancashire. 

7. Bolton Corporation Waterworks ; Lancashire. 

8. Bradford Corporation Waterworks ; Yorkshire. 

9. Burnley Corporation Waterworks ; Lancashire. 

10. Colne Waterworks; Lancashire. 

11. Dewsbury and Heckmondwike Water Board; Yorkshire. 

12. Halifax Corporation Waterworks ; Yorkshire. 

13. Huddersfield Corporation Waterworks ; Yorkshire. 
. 14. Keighley Corporation Waterworks ; Yorkshire. 

15. Leeds Corporation Waterworks ; Yorkshire. 

16. Morley Corporation Waterworks ; Yorkshire. 

17. Nelson Corporation Waterworks ; Lancashire. 

18. Oldham Corporation Waterworks ; Lancashire. 

1 9. Preston Corporation Waterworks ; Lancashire. 

20. Bochdale Corporation Waterworks ; Lancashire. 

21. Sheffield Corporation Waterworks ; Yorkshire. 

22. Shipley (Eldwick) Waterworks; Yorkshire. 

. 23. Wakefield Corporation Waterworks; Yorkshire. 

Of these 23 waterworks, 11 are situated in Lancashire and 12 in 
Yorkshire. 

Grenerally speaking, in each survey, general information is given 
' under the heading : — 

'* Source of the water supply and general description of the water- 
works,'* followed by special notes :— 

(a.) On the characters of the gathering ground. 

(6.) On conditions found to exist on the gathering ground on 
the date (or dates) of inspection. 

(c.) On the results yielded by the chemical examination of 
the waters in reference to the observed characters of the 
gathering ground. 



Source of the Water Supply and General Description of the 

Waterworks. 

The information grouped under the above heading was in eaeh case 
obtained chiefly as a result uf personal inspectioD of the waterworks, but 
also through the use of notes and statistics courteously supplied by the 
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various watitrworks officials.* I ought here to observe that while I have 
reason to believe that on several of the waterworks surveyed the supplj 
is now obtained under the same conditions that existed at the date or 
dates of mj iospection, it is likely that in 6ome instances cbanges have 
been made by the water authority in certain of these conditions during 
the interval between my visit and the date of this report. 

The metbod followed in grouping together the various facts obtained 
under this head has varied somewhat in different cases. Usually, however, 
I have described in a few words the source of the water, e.^., whether 
from moorland or upland gathering grounds or from spriogs; its 
situation ; and its distance from the chief area of supply. Then 
commonly follows a more detailed description of the arrangements for 
collecting the water, having reference, among other things, to the storage 
reservoirs, the inlet streams to the reservoirs, the arrangements, if any, 
for excluding storm water from the waterworks, tlie filtration or 
'' treatment " of the water, and generally the mode of distribution of 
the water. 

Next are given statistical notes on tho waterworks. These comprise^ 
as a rule, the following data: — ^The average annual rainfall on the 
gathering ground ; its chief area of supply ; the capacity, depth, 
superficial area, and height above Ordnance datum of the reservoirs ; 
the consumption of water ; the size of the drainage area (or areas) ; the 
daily or weekly rainfall on the gathering ground during the month 
preceding the date of infection. 

With regard to the information given in tho special notes : — 

(a.) On the Character of the Gathering Grounds. 

The notes under this bending deal with a variety of facts. In 
general, reference has in each instance been made to the physical 
characters of the gathering ground ; to the distribution of peat ; to the 
nature of the vegetation ; to the kind of rock underlying the surface 
soil ; to the drainage from the soil — whether slow or rapid ; to the 
amount of spring water relative to the amount of surface water; to the 
opportunities of rain water stagnating in peaty, mossy, and marshy 
places ; to the character of the beds of the feeding streams ; to the 
amount of denudation of the surface soil; and to the nature of the 
slopes of the hills on tile gatlieriiig area. 



(6.) On conditions fout^ to exist on the Gathering Ground on the 

Date ^ of Inspection, 

Uuder this* heading will lie found a description of the conditions 
existing on each of the separate gathering grounds at the actual date of 
inspection^ and it is to be specially noted that the chemical state of the 
moorland waters varies from time to time, so that what is true on one 
occaijion may not necessarily hold good at another. Most particularly 
is this the case as regards the reaction of tho waters, and as the rainfall 
in this connexion is of the utmost importance, I have in each instance 
stated the daily or weekly rainfall prior to the date of my visit. 
"*™^ ■ ■ .111 

* In .the matter of sajpplying informatioa and transmitting samplei of m^* 
thaDkn are due^ and are here most gratefully expressed, to the medical officers of 
health of the various districts and the ottibials of the waterworks. 
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I have added information as to the results of the chemical testing, 
performed on the spot, of the various reservoirs and '' feeding " streams 
for the reaction, qud acidity, of the water contained in them. Also 
the results of the more -detailed examination of particular waters, 
collected on the date of inspection, and subsequently examined in the 
laboratory for acidity and plumbo-solvent ability.* 



<c.) On the Results yielded by the Chemical Examination^ of the 
Waters in Reference to the observed Characters of the Gathering 
Ghronnds. 

Under this heading^ the attempt is made to trace a parallelism 
between the chemical state of the waters and the physical circum- 
stances of the gathering ground. In this connexion the following 
points, among others, have been considered — namely, on the one 
hand, the association of acidity and plumbo-solvent ability with 
certain factors, such as large amount of peat and peaty water, stagnation 
of rain water in peat, slow rate of drainage from the soil, comparative 
absence of spring water, &c. ; and on the other hand the evidence 
afforded as to association of a neutral cqjditi on of the water and freedom 
from plumbo-solvent ability with other factoi-s, such as a latge amount 
of spring water and a small amount of peat and peaty water, with a 
rapid and efficient surface drainage, flow of the feeding streams along 
sandy and rocky beds, 8ic. 

Ao has been indicated, the chemical observations made in connexion 
with these surveys may be divided into tests made on the spot and 
more detailed examination carried out afterwards in the laboratory. In 
testing the reaction of the water on the spot an alcoholic solution of 
lacmoid was invariably used. This is an extremely delicate test for 
this purpose, the faintest trace of acid being indicated by a change of 
colour from the original purplish blue to a red colour. In the more 
detailed chemical examination the water was tested for acidity qualitii- 

tively with lacmoid and quantitatively with -- sodic carbonate and 

phenol phthalein. In many cases the «* hardness " was also determined, 
and in all cases the plumbo-solvent ability was tested by a method 
allowing of quantitative comparison. Occasionally the number of 
microbes was estimated by the usual gelatine plate method. 

It will be remembered that in the original examination of moor- 
and waters in connexion with the Burnmoor inquiry, a considerably 
more extensive chemical examination was made, which comprised 
determination of— (fl^) Appearance in 2-foot tube; (6) Re-action 
with alcoholic solutions of cochineal, methyl orange, and lacmoid; 
(c) Residue on evaporation and loss on ignition ; (d) Ammonia (free 
and albuminoid) ; (e) Oxidised nitrogen ; (/) Oxygen absorbed from 
permanganate; (^) Chlorine ; (A) Hardness; (i) Dissolved oxygen ; 
</) Iron ; {h) Acidity (quantitatively) ; (/) Plumbo-solvency (quanti- 
tatively). 



* The latter results are recorded in each instance in tabular form at the end of 

each survey. .... . • . « «r t iir 

t During a considerable period of the inquiry the assistance of Air. J. W. 
Tullo, B.Sc., was obtained. His services were of the greatest value, and the efficient 
help he rendered is here gratefully acknowledged. 

E 88578. ^ 
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A large iiumber of determioations as regards these chemical tests, hoth 
as to one and the same water over a cousiderahle period of time, and also 
as to different waters, showed conclusively not only that acidity and 
.pluniho-solvent ability are closely related, but also that action on lead 
is not to be associated with any other observed chemical condition.* 
Hence in later experiments, of which these surveys formed a part, 
attention was almost wholly directed to the examination of the waters 
for acidity and plumbo-solvent ability. 



Maps, 

Along with the survey reports will be faund maps illustrating 
the information obtained on the gathering ground, as regards the re- 
action of the various waters. In these maps the uniform plan is 
adopted of colouring the streams, reservoirs, &c., red or blue, according 
to whether the reaction was acid or neutral. Such colouring, it is to be 
noted, has reference only to the conditions found to exist on the date of 
inspection. In some* of the maps brown colouring is used. This 
indicates the distribution of the peat. 



Erosive ability of Waters from the Gathering Grounds surveyed. 

It will be noted that no special reference is made to the " erosive." 
ability of the various waters. This property will be dealt with in a 
further report, but here it may be stated in general terms, that from the 
practical pomt of view, erosion when associated with plumbo- solvency is 
of considerable importance, but that erosive ability unassociated with 
plumbo-solvent ability is of minor importance, unless, indeed, where 
bright lead is concerned. As a matter of fact, the moorland waters of 
Yorkshire and Lancashire rarely erode lead unless they are at the same 
time acid, and even then the action is often absent, or exhibited only to 
a slight extent. This, however, is not true as regards all waters, and 
waters other than those dealt with in this report. At all events, 
experience has shown conclusively that it is the acid, aud consequently 
lead-dissolving waters, which have given rise to serious epidemics of lead 
poisoning in the past, and not the neutral waters, which may or may 
not possess erosive ability. 



Descbiption of the Chemical Methods adopted is Investioatioms 

OF Water Samples. 

(a.) Hardness, — Clarke's soap test was used to determine the 
hardness. ^ 

(6.) Reaction. — ^Litmus paper was found to be of little use in testing 
the waters qualitatively for acidity. In all the experiments lacmoid 
solution was used as an indicator. This is au exceedingly delicate test 



* Compare Mr. Power's obserrationi on page 888, Annaal Report of the 
MedicHl Officer of the Local GoTemment Board for 1893-4, and the diagramt- 
appended to bis Memoranda m. 
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in the case of peaty waters, the merest trace of acid sufficing to change 
the purplish-bine colour to a red colour. Methyl orange, litmus, and 
cochineal solutions were found to be of small value as compared with 
the above. The solution is best made by dissolving 0'2 gramme of 
lacmoid in lOOcc. of dilute alcohol (10 per cent.). A few drops added 
to lOcc. of the sample of water contained in a sample tube at once 
reveals the presence of the smallest trace of acid. It may here be 
repeated that moorland waters which give a neutral re-action with this 
indicator do not dissolve lead to any appreciable extent. Conversely,, 
whenever a peaty water gives an acid reaction with this indicator it 
will aiko be found to possess plumbo-solvent ability. 

(c.) Acidity. — Whenever a water was found to give an acid re-action 
with lacmoid, the amount of the acidity was determined by titrating 
a definite quaotity of the water with a decinormal solution of sodie 
carbonate (5*3 grammes Na2COs per litre). Phenol-phthalein 
(0'5 gramme in l(X>cc. 50 per cent, alcohol) was used as an indicator,, 
and although open to some objections, it was found that by its use 
comparable results were obtained. The acidity was estimated quantita- 
tively, with the object of seeing whether the plumbo-solvent ability of 
a particular water from time to time, or of one water as compared with 
another water, varied directly with the amount of the acidity. lOOcc. 
of the sample of water are poured into a small flask, a few drops of the 
indicator added, and decinormal sodium carbonate solution, contained in 
a burette, added drop by drop. The faintest excess of alkali shows 
itself by a pink colouration of the previously colourless liquid. In the 

tables the results are expressed as acidity in terms of cc. ^ Na^COs 
required to neutralise lOOcc. of the water. In the case of a neutral 
distilled water, one, or at the most, two drops of ^h NagCOg suffice to 
produce a pink colouration in lOOcc. with this indicator. 

(rf.) Plumbo' solvency, — In determining the plumbo-solvent proper- 
ties of the various waters, the following pi ocess was adopted {see 
Diagram A) : — 

A glass tube (A) drawn out at one end (B), and about f-inch in 
diameter and 2 ft. long was held in a clamp with the tapered end 
downwards. To this lower end (B) a piece of rubber tubing (C) was 
attached. The other end of the rubbei tubing was connected to one 
end of a U-shaped glass tube (D). The other end of the U tube 
(D) was dipped into the snmple of water contained in a vessel (E) 
placed on a shelf some feet above the level of the burette. Washed 
lead shot which had been specially made for the purpose, and which 
contained no arsenic or other ingredient of a hardening nature was 
measured into a dOcc. measure. A small piece of muslin (K) was 
shoved down to the foot of the big glass tube (A), and then the shot 
(G) were poured into the lube, occupying about 18 inches of its length. 
The open end of the tube was then fitted with a email rubber bung 
(H) containing a thin piece of glass tubing bent twice (I and J) at 
right angles, with a stop -cock (K) between the two bends. Next the 
rubber tubing (C) was discon^cted from the tapered end (B) and 
suction applied. As soon as tl^e syphon was started a clip (L) waa 
applied, and the tubing again connected with the tube (A) containing 
the shot. The clip was then renioved and the water allowed to filter 
upwards through the shot (G) along the angled tube (IKJ), and so inta 
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a 60 cc. Nessler tube (M). The iirster was collected in saccessive 
lots of 50cc. and tested for the presence of lead with ammonium 
sulphide. B7 a previous blank experiment it was ascertained how far 
the stop-cock (K) had to be turned so as to allow the water to filter at 
the rate of 3 mins, per 50cc. of water collected. This having been 
done the stop-cock (K) was fixed in position with sealing wax. The 
amount of lead was estimated by colour-titration, the standard solution 
of lead acetate (1 *66 grms. per litre) being of such a strength that 1 cc. 
was equivalent to 1 mgrm. of lead. The experiments were carried out 
in a comparative manner, and the precaution was taken of using fresh 
shot for each determination, the old shoe being thrown aside lest its 
continued use should introduce a possible source of error. 



Diagram A. 
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SECTION II. :— PARTICULARS RESPECTING EACH OF 
THE TWENTY-THREE GATHERING GROUNDS 

SURVEYED. 

Survey No. !.• 

t ASHTON-UNDER-LYNE, STALYBRIDGE, AND 
DUKINFIELD (DISTRICT) WATERWORKS 
JOINT COMMITTEE. 

. SOUBCE OP THE WaTEB SuPPLY AND GSNBBAL DeSCBIPTION OF 

THE WaTBBWOBKS. 

The water supply is obtained from high gathering grounds at 
Swineshaw and Greenfield, situate about 5 miles from the town of 
Mosslej and 2\ and 8 miles from Ash ton respectively. 

Greenfield Supply, % — At present (1897) there is a single reservoir on 
this gathering ground, situated at a height of 768 feet above ordnance 
datum, which i-eceives the drainage from the Greenfield Valley, and is 
known as the Yeomen Hey Reservoir. The main source of supply to 
this reservoir is from Greenfield Brook, which drains a considerable 
tract of moorland. The water draining from the moors on the east side 
of the reservoir is excluded from the waterworks, and ia carried by a 
tunnel down the valley into Greenfield Brook below the reservoir. The 
water draining to the reservoir on the west side is chiefly spring water. 
In connexion with each of the larger streams on this side of the 
reservoir is a chamber fitted with a mechanical contrivance ('' leap '* 
weir), which permits the dry weather flow to drop through an opening 
leading to a common channel connecting the various streams, but which 
prevents flood water from ^ entering, owing to its greater velocity 
carryiner it over and beyond the opening leading to this channel, the 
water passing instead into the reservoir. The water in this channel, 
common to the various streams, is led into settling and straining tanks, 
and can be turned thi>refrom either directly into the reservoir or into 
the mains leading toAshton, Mossley, and Saddleworth. It folk>w8, 
from the above, that the streams on the west side flow during flood:^ into 
the reservoir, and, under ordinary conditions of the rainfall, discharge 
into a common channel leading to settling and straining tanks, from 
whence the mixed water can be turned into the reservoir or passed 
directly into consumption. Two small ferruginous springs discharge 
the one into the north-east and the other into the south-east angles of 
Yeoman Hey Reservoir. A small portion of the lower lying levels of 
the town of Mossley is supplied with the water, from this valley, but 
nearly all the water is used for the supply of Ashton and Saddleworth. 

Stoineshato Supply, — There ore four reservoirs on this gathering 
ground, Higher Swineshaw, Lower Swineshaw, Brushes, and WtUker 
Wood ; the latter being used only for compensation purposes. A bye^wasb 
runs alongside the reservoirs and can be used either to carry storm and 
overflow water to compensation, or to convey water from a higher to m 
lower reservoir. It is connected above with Swineshaw Bnx^ and 
nihs along the east side of Higher Swineshaw, receiving on its way the 

overflow water from the reservoir, as well as the drainage from pealy 

__ „^ ■ ■ I ■ - I .. I .■■ -■■■ 

. * The Burveys are arranged alphabeticiiUy and bear no relation to the dates of 
inspection. 

f This is a joiut committee, combiolDg five local authorities iocorporated by Act 
of Parliament in 1870, and in which the Mossley Corporation possess a one nmth 
share of the capita), in virtue of which they are represented on the Committee of 
Managmient by two members of the Town Council, appointed ibyAhat body. • 

t It is intended to constroct another reservoir an theOreenfleld V alley la the 
ipuBtdiateXttture. . , 

B 98578. 1* 
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moorland and the water from certain springs, one of which is known as 
Wicken Spring, but which, for the purposes of doscriptioo, may be 
classed together as the Wicken Springs. The bye-wash is continued 
down the west side of Lower Swineshaw and receives above the outlet 
water from Higher Swineshaw, and opens lower down into Lower 
Swineshaw. Beyond Lower Swineshaw it joins the natural bed of the 
S4.ream in Swineshaw Valley, and the water in this stream discharges 
into the upper end of Brushes Reservoir, or can be cairied by a further 
continuation of the channel past Brushes to Walker Wood Compensation 
Reservoir. Taking the reservoirs in order from above downwards. 
Higher Swineshaw Reservoir is situated at a height of 957 feet above 
sea level, and is supplied with water from the following sources : 
Wicken Brook opens into the north-west angle of Higher Swineshaw, and 
it drains a large area of moorland, but receives besides surface peaty water 
a considerable amount of spring water. Along the north side of the 
reservoir are a number of springs — Wicken Springs. These are piped 
together into a common channel which opens into the bye- wash and can 
be turned from thence back into the reservoir, or carried downwards to 
Lower Swineshaw or to Brushes Reservoir. Swineshaw Brook, the 
main stream on the gathering ground, drains a considerable tract of 
moorland. It opens into the north-east angle of the reservoir, or can 
be turned down the bye- wash. A small peat drain opens into the west 
side of the reservoir, and a number of small streams draining very peaty 
land (Boar Flat) open into the bye- wash on the opposite side of the 
reservoir. Lower Swineshaw is situated at a height of 768 feet above 
sea level. It can be supplied either with the outlet water from Higher 
Swineshaw, or by means of the bye-wash with the water from the 
Wicken Springs and Swineshaw Brook. It also receives the water from 
three small streams on the east side. The water from Lower Swineshaw 
is used for the supply of the town of Mossley and a portion of Stalybridge. 
Brushes Reservoir i& situated at a height of 649 feet above sea level, and 
together with the water from the Greenfield Valley supplies Ashton — 
Stalybridge and Dukiniield being supplied from Swineshaw only. A 
small amount of water, chiefly from hillside springs, enters the south side 
of the reservoir, but the main source of supply is from the stream which 
naturally drains this valley and into which the bye- wash opens after 
leaving Lower Swineshaw. This stream enters the upper end of 
Brushes Reservoir, and the water in it can be diverted down the 
continuation of the bye-wash past Brashes to Walker Wood Compensa- 
tion Reservoir. It remains to note, hoi^ever, from what sources the 
above stream is fed. Between the point of entrance of the bye- wash 
and Brusties Re&ervoir, a certain amount of water drains from the 
southerly hill slopes to the east of Brushes into this stream. This water 
together with the water flowing into the south side of the i-eservoir is 
not, however, sufficient to feed Brushes. There is a considerable leakage 
from Lower Swineshaw Reservoir and this water enters the stream. 
Further, the water frum Higher Swineshaw can be utilised by means of 
the bye-wash, and it is to be noted that it is possible to supply Brushes 
from the springs before mentioned, and Swineshaw Brook either mixed 
or unmixed with Higher Swineshaw water. It does not appear to be 
the custom to supply Brushes with Lower Swineshaw water, and the 
<^iof reason is etuted to be that the leakage from Lower Swineshaw 
makes it uudcsirable to keep the water in that reservoir at its proper 
level. V\'alker Wood Reservoir which is used only for compensation 
purposes, is supplied with flood water and the overflow from the above 
reservoirs. In conclusion it is to be noted that Ashton is supplied witK 
the mixed water from Bitishes and Yeoman Hey Resoi*voirs, or from 
the springs in the Greenfield Valley. Mossley is supplied from Lower 
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Swiaeshaw, but a small portion of the low lying part of the town can be 
supplied with the Greenfield water. None of the water is submitted to 
any process of filtratioa ; prior to December 1894, no treatme&t of the 
water was adopted, but since then the water from Higber Swineshaw, 
before enteriug Lower Swineshaw, has been treated with whiting, 
(about 1^ grains to the gallon), and this treatment has been continued 
up to the pre3ent time, 1897. 

The following notes on the waterworks are of interest : — 

RcMifaH. . 

Average yearly rainfall in Mossley : — No record. 

on Swinesbaw gathering ground : — Average of 

10 years, 4Y-56. 
on Greenfield gathering ground (Yeoman 
Hey gauge) : — 489. 



» 



Ji 



»> 



>» 



f> 



» 



Capacity J ^c,^ of the Reservoirs, 




Yeoman Hej 
Higher Swioeshaw 
Lower Swineshaw 
Brashes - - 

Walker Wood 



Grallons. 

208,000,000 

168,908,000 

55,500,000 

52,165,000 

202,084,000 



Feet. ' 
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About 28 acres. 


53 
83 
44 
61 


„ 34f „ 
' „ Hi » 

» 25J „ 



Consumption of Water. 

About 2K) million gallons weekly including compensation of 10,700.000 
gallons weekly. 

Drainage Areas^ 

Greenfield * - - - 1,170 acres. 

Swlneshaw - - - 1,300 „ 

Daily Rainfall on the Stcineshato Gathering Ground from August 12, 

1894, to September 12, 1894, inclusive. 



1894. 


Baibfall. 


1894. 




Rainfall. 




• 


Inches. 






Inches. 


August 12 


- 


0-20 


August 29 


- 


— 


„ 18 


- 


0-06 


„ 80 


- 


— 


•, 14 


- 


0«31 


„ 81 . 


» 


"■. 


n 15 


- 


0*32 


September 1 


- 


— 


„ 16 


- 


002 


2 - 


- 


— 


„ 17 


- 


— 


3 - 


- 


— 


„ 18 


•• 


0-41 


4 . 


- 


006 


» 19 


- 


0-75 


5 - 


- 


0-32 


„ 20 


- 


0-10 


6 - 


- 


r— 


.,21 


- 


0-07 


7 . 


- 


- - ■ 


» 22 • . 


- 


— 


8 V 


- 


— 


M 23 




0-09 


9 - 


- 





.« .24 - 


« 


— 


„ 10 - 


- 





M 25 


- 


0*32 


„ 11 - 


- 





f, 26 


- 


0*02 


M 12 - 


- 


— 


„ 27 

„ 28 . 




0*04 








- 


Total . 


- 


3-09 



F 2 
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Daily Rainfall on the Stcineskaw Gathering Ground from August 25, 

1895, to September 25, 1 895, inclusive. 



1895. 


Rainfall. 


1895. 


BaiofaU. 






Inches. 






Incbes. 


Aagast 25 


- 


0*05 


September 1 1 


- 


0*60 


„ 26 


. 


1-40 


12 


- 


— 


n 27 


. 


0-90 


18 - 


- 




» 28 


. 


0*02 


14 


- 


— 


M 29 


. 


0-08 


15 - 


- 


— 


„ 30 


. 


_ 


16 


- 


— 


» 31 


. 


— 


17 - 


- 


— 


September 1 


m 


— 


18 


- 




2 


. 


— 


19 < 


- 




8 - 


- 


0*86 


20 


. 


— 


4 


- 


0-45 


21 . 


- 


— 


5 - 


. 


0-04 


29 


- 


— 


6 


- 


0-50 


28 . 


- 


^^^ 


7 - 


- 


— 


24 


- 


— 


8 

9 - 
„ 10 


- 


— 


25 - 


•• 


— 


- 


0-10 


Total ~ 


«• 


4-40 



Daily Rainfall on the Greenfield Gathering Chroundfrom October 1, 

1894, to November 1, 1894, inclusive. 







Yeoman Hey gauge. 






1894. 


KainlalL 


• 

1894. 


Bainfiill. 






Inches. 






Inches. 


October 1 


- 


— 


October 18 - - 


• 


01 


„ 2 


- 


— 


„ 19 


• 


— 


M 8 


- 


— 


« 20 . 


. 


2*5 . 


» 4 


. 




t, 21 


- 


0-1 


„ » 


- 


01 


„ 22 . 


"- 


— 


,. 6 


- 


0*9 


M 23 


. 


0*2 


„ 7 


- 


0*1 


t, 24 - 


m 


0*7 


„ 8 


- 


^^« 


„ 25 


• 


10 


.. 9 


- 


0*4 


M 26 - 


- 


1-0 


» 10 


- 


— 


» 27 . . 


• 


0*1 


„ 11 


- 


— 


n 28 - 


- 


0*3 


». 12 


<- 


— 


„ 29 


- 


0*5 


M 13 


* 
• 


— 


,» 30 ^ 


- 


— 


« 14 


* 


-^ 


„ 81 


• 


-0-1 


„ 15 


. 


— 


NoTember 1 » 


. 


o*ai 


16 










. 


,.17 


- 


— ' 


Total 


- 


7-6 
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Dail^^tainfall on the Swineshaw Qntherin^ Gro und fr o m Ovio6er 1, 

1894, to November 1, 1894, incltuive. 



1894. 


Kaiofall. 


1894. 


1 

Raizfail. 






Inches. 


' - 




Tncbefv. 


October 1 


- 




October 18 - 


- 




„ 2 


- 


— 


» 19 


. 


— 


,.3 


- 




„ 20 - 


* 


1*62 


» 4 


- 




„ 21 


- 


Q05 


„ 5 


m 


0-05 


„ 22 ^ 


- 




» 6 


- 


0-10 


„ 28 


M 


014 


„ 7 


. 


0-05 


» 24 - 


- 


102 


„ 8 


- 


— 


„ 25 


- 


1-51 


„ 9 


- 


0-41 


„ 26 - 


- 


0-70 


„ 10 


. 


0-0;J 


„ 27 


- 


007 


„ 11 


m 


• 


„ 28 - 


- 


0-16 


„ 12 


- 


— 


„ 29 


- 


0-91 


., 13 


- 


— 


30 - 


- 


0*03 


„ 14 


- 




„ 31 


- 


0-09 


,. 15 
M 16 


- 


0-01 


November I - 

« 


- 


0-18 


~ 


^^"^^ 








, 17 


- 


..- 


Total - 


" 


714 



Weekly Rainfall on the Swineshaw Gathering Ground^ from 

October 1893, to June 1896. 



Date. 


Rainfall. 


Date. 


Rainfall. 


1898. 


Inches. 


1894. 


Inches. 


October 7 - 


0-98 


April 28 - 


0*67 


:, 14 - - 


1*32 


May 5 - - 


0-62 


» 21 - 


0*15 


„ 12 - - - 


1*24 


„ 28 - . 


110 


„ 19 - 


018 


November 4 - 


1-06 


., 26 . - - 


015 


11 - - 


0-23 


June 2 - - 


0-87 


,. 18 - 


0-44 


„ 9 . . . 


2-74 


25 . - 


201 


„ 16 - - 


1-07 


December 2 - 


0-68 


„ 28 - - - 


0*38 


9 - - 


0-95 


„ 30 . - - 


0*18 


„ 16 - 


1-51 


July? - 


0-24 


28 - - 


1-54 


» 14 . . 


0*48 


„ 80 - 


0-67 


„ 21 . - - 


2-80 






„ 28 - 


0-96 


1894. 




August 4 - - 


2-54 


January 6 - - 


005 


„ 11 - 


1-40 


„ 18 - 


0-46 


„ 18 - - 


1-32 


„ 20 - - 


1-47 


„ 25 . 


1*83 


„ 27 . 


107 


September 1 - - 


0*06 


Febmarj 8 - - 


1-10 


>i 8 : 


0*38 


„ 10 - 


2*66 


15 


Nil. 


» 17 - - 


1-13 


„ 22 - 


0*45 


9W 

„ 24 - 


0-48 


29 - . 


019 


March 8 - - 


2-14 


October 6 - 


0*15 


„ 10 . 


9-64 


H 13 . . 


0*55 


,» 17 - - 


I- 19 


,• 20 • 


1*68 


w 24 - 


0*04 


„ 27 - - 


8*49 


99 

„ 81 - - 


0-09 


November 3 - 


1-50 


AprQ 7 


0-51 


10 - - 


1-40 


„ 14 . 


0-48 


„ 17* 


1«S8 


„ xl 

1 


0*68 


„ 34 - - 


0-19 
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Date. 



1894. 
December 1 - 

15- 
22 
29 - 



n 



1895. 
Janoary 5 

12 • 
19 

26 • 
February 2 
9 

16 • 
23 



>» 



f> 



>f 



9t 



9» 

March 

t> 
f» 
•t 
•I 

*f 
ft 

May 



2 
9 
16 
23 
30 
6 
13 
20 
27 
4 - 
11 

18 - 
25 
1 . 
8 

15 - 
22 

29 - 
6 

13 - 
20 

„ 27 - 

Augast 8 

10 

17 

24 

„ 81 

September 



ft 

>» 

>t 
Jone 



»* 

July 
>» 



»♦ 



1* 



>♦ 



7 
14 



BainfiOL 



Inches. 
0*05 
0-36 
1*84 
2*41 
0-44 



0-28 

Nil. 

1*04 

1*22 

NU. 

Nil. 

Nil. 

0*05 






1 
1 
1 



83 
51 
17 
50 
95 
16 
Nil. 
0*26 
0*74 
0*52 
Nil. 
0-05 








2 
1 


1 
5 

1 
1 

2 
1 
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46 

05 

18 

06 

20 

01 

91 

98 

25 

28 

84 

-36 

•31 

-45 

•25 

•70 



Date. 



1895. 
September 21 

»t «8- 

5 

October 12 - 

„ 26 - 
November 2 
9- 
16 
23- 
30 
December 7 - 
14 
21 - 
28 



9f 
ft 
tt 



9» 



>* 



9> 



» 



f» 



9» 

1896. 
Janoaiy 4 
11 

18 • 
« 25 
February 1 • 
8 

15 . 
22 
29 
March 7 
14 
21 
28 
April 4 
11 
18 
•, 25 
May 2 - 
9 

16 - 
23 
„ 30 . 
June 6 
13 - 
20 
27 - 



f> 



f> 



tt 
tf 









tt 



Bain&U. 



iDchee. 
Nil. 
NiL 
2-24 
86 
34 
68 
•20 
•59 
-61 



0' 

0' 







1- 

0- 

0- 

1 

1 







49 
SO 
79 
91 
02 
51 



082 
0-10 



1 





8 
2 
1 
1 
1 








28 
46 
24 
56 
17 
28 
98 
48 
02 
01 
64 
19 
52 
80 
16 
70 
Nil.' 
Nil. 
0-82 
Nil. 
0-85 
0-17 
0-61 
109 



Notes on the Characters of the Gathering Grounds, 

Greenfield Supply. — The gatheriDg ground is entirely composed of 
moorland. Peat covers nearly the whole of the draina^ area, bat the 
deposits are not deep, even on the higher portions of tlie collecting 
ground, and on the slopes of the hills, the disintegrated rock underlying 
the peat frequently appears on the surface as sand beds. There are " 
areas on the gathering ground covered with the growth of coarse 
pasture grass, and elsewhere heather is abundant. Ihe drainage from 
the soil is for the most part rapid, and the slopes of the hills in many 
instances are very abrupt. There are but few places where the rain 
can stagnate in peaty soil. For a moorland gathering ground the pro- 
portion of spring water to surface water is above the average. The 
conditions are not so favourable towards the upper reaches of Greenfield 
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Brook, and on the hill-tops on the west side of the reservoir/ From 
these places a considerable amount of surface peaty water gains acoes-s 
to the waterworks. The large body of spring water, however, issuing 
from the hill-sides to the west of Teoman Hey is an important feature 
of this supply. The geological formation is millstone grit. The larger 
streams supplying the reservoir run on rocky and sandy beds, and as the 
denudation of the steep hill sides is very considerable, a large amount 
of disintegrated rock and sand and peaty matter is washed into the 
waterworks. 

Swineshaw Supply, — This is a moorland gathering ^ound, but the 
amount of peat varies very much on different portions of the drainage 
area. Speaking generally, peat is most abundant superficially and in 
depth on the higher and flatter parts of the ground, especially in the 
neighbourhood of higher Swineshaw. Lower down, near Brushes, the 
hill slopes are very abrupt, and the peat beds 81*0 not so extensive, and 
are thinner. 

The rock underlying the peat is millstone grit, and in the vicinity of 
Brushes Reservoir it appears on the surface in many places, the surface 
soil being here very thin. The vegetation is chiefly heather on the tops 
of the hills, and heather and rough pasture grass lower down. The 
drainage from the soil is most rapid near Brushes, where the hill sides 
are precipitous and the covering soil thin. It is least rapid at Higher 
Swineshaw, where the ground is much flatter, and where the surface soil 
consists of peat, which in many places is several feet in depth. A point 
of importance is that, although the amount of peaty water entering 
the waterworks is very considerable, the proportion of spring water to 
surface water is greater than is usually found to be the case in water 
supplies of moorland origin. It is uncommon to find on moors situated 
at such a height above sea level, so abundant a supply of spring water 
as is given out by the Wicken and other springs at Higher Swineshaw. 
There is a considerable amount of peat in the bed of the Swineshaw 
Eeservoirs, and also a little in the bed of Brushes Beservoir. 

Conditions found to exist on the Gathering Grounds on September 
12, 1894, November 1, 1894, and September 25, 1895. 

On the first occasion, only the Swineshaw gathering ground was 
visited ; on the second, both the Swineshaw and Greenfield ; and on 
September 25th, 1895, the Swineshaw only. The daily rainfall for the 
months prior to each of the above dates is given in accompanying 
tables. Lacmoid was used in testing the reaction of the vanous waters. 
Laboratory experiments show that when a moorland water gives a 
neutral re-action with this reagent, the water practically has no plumbo- 
solvent ability, but that when the reaction is acid the water dissolves 
lead to an extent depending on the amount of acid. 

On September 12th, 1894, the following results were obtained: — 
The water in higher and Lower Swineshaw and Brushes reservoirs 
was tested at various points, and the Swineshaw Beservoirs were found 
to be distinctly acid, aud Brushes Reservoir neutral. The main inlet 
stream to Brushes was neutral, and the other streams (which are chiefly 
fed from springs) supplying this reservoir, had a similar reaction. 
Three small streams entering the east side of Lower Swineshaw were 
neutral, but the water reaching the reservoir from Higher Swineshaw 
was acid. Swineshaw Brook and Wicken Brook were neutral, as was 
also the water from each of the five Wicken Springs. A small peat 
drain on the west side of Higher Swineshaw was very acid, and some 
distinctly acid water was gaining access to the bye-wash from Boar Flat, 



76 



whicli' is a peatj expanse of laoorland on the east side. of Highei* 
Swineshaw. 

On November Ist, 1894, the same results were obtained,- except that 
Swinetthaw Brook and the main inlet stream to Brushes were acid 
instead of neutral. On this date it is to be noted that the streams were 
running i'ulier than on September 12th. 

On September 25th| 1895, the same resulrs were obtained as on 
September of the preceding year, with the following important excep- 
tion : — Lower Swineshaw Beservoir, which was found to be acid on the 
two former occasions on which it was tested, was now practicaUy 
neutral. This result is to be explained by the fact that since December 
1894, the water supplying Lower Swineshaw from Higher Swineshaw 
was treated with whiting. 

On November 1st, 1894, the following results were obtained in the 
Greenfield Valley : — The water in Yeoman Hey Reservoir was tested at 
various points, and it was found to be acid in reaction. Greenfield 
Brook was traced for some distance up its course. It was acid, and one 
of its main tributary feeders had a similar reaction, and when traced 
upwards was found to divide into two acid streams, both draining land 
peaty in character. The two small streams which contain chiefly 
ferruginous peaty water and which enter the reservoir at its north-east 
and south-east angles, were found to be neutral. As regards the spring 
water on the west side of the reservoir, all the springs were carefully 
tested and they were neutral in each case. The mixed spring water in 
the settling and straining tanks was also tested, and gave a similar 
result. On the above date most of this spring water was being sent 
direct into consumption without passing first through the reservoir. 

On October 26th and 27th, 1893, Dr. S. Monckton Copeman visited 
the Swineshaw and Greenfield gathering grounds, acting under the 
direction of the Local Government Board, and in consequence of a 
report to the effect that lead poisoning, due to water supply, was very 
prevalent in the town of Mossley. The results of Dr. Copeman's tests 
correspond with the above. TIius he found Higher Swineshaw, Lower 
Swineshaw, and Yeoman Hey Re&ei*voir8 acid, and Brushes neutral. 
He also found that the springs in the Greenfield Valley gave, when 
tested with litmus paper, a neutral reaction. Dr. Copeman showed 
conclusively in his report that lead poisoning was prevalent only in 
those districts supplied with acid water from Lower Swineshaw Reser- 
voir, and that where the neutral water from Brushes Reservoir and from 
the Greenfield Springs was supplied to the inhabitants, there was no 
lead poisoning. 

Samples of water were collected for more detailed examination from 
the following sources : — ^Yeoman Hey, Brushes, Higher Swineshaw, and 
Lower Swineshaw Reservoirs, and from Springs No. 1, 2, and 3, to 
Brushes Reservoir. Samples of water were also obtained from the 
Wicken Springs, and further samples from the above-mentioned reeer- 
Toirs. The results are given in an accompanying table, and may be 
briefly described as follows : — The sample of Yeoman Hey Reservoir 
which was collected from the side of the reservoir on September 14tli, 
1894, was acid, and acted appreciably on lead. The samples obtained 
from the '* outlet," the one on February 20th, and the other on October 
20tb, 1894, were neutral, and free from plumbo-solvent ability. It is^ 
to be noted that on November Ist^ 1894, the reservoir was tested at 
various points, and was found to be acid, and that Dr. Goperaan obtained 
similar results on October 27th, 1893; It is possible th*t the oaretaker 
of the waterworks may have misunderstood his instrudionay and ool-< 
looted the neutral samples from a point near the entrance to th« 
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reservoir of the Greenfield Springy. ' Brushes Reservoir water — foui' 
samples — was found to be neutral, and free from action on lead. Lower 
Swineshaw reservoir water was distinct! j acid, and acted decidedly on lead 
on September 14th and October 20th, 1894, but on September 26th, 1895, 
after the lime treatment had been in operation for a considerable time, 
the water was practically neutral, and free from plumbo-solvent ability. 

All the samples of water from Higher Swineshaw Reservoir were 
distinctly add, and possessed of considerable plumbo-solvent ability. 
The Brushes Springs, and Wicken Springs, and Wicken Brook were 
neutral. ' Equal parts of the water from the Wicken Springs, when 
mixed together, gave a neutral reaction and showed no plumbo-solvent 
ability. Squal parts of this mixed spring water and Higher Swineshaw 
water gave, when tested, a neutral reaction, and did not dissolve lead. 
This result is of interest, as it indicates that moorland springs are not 
only neutral, but possessed of some acid neutralising ability. Higher 
Swineshaw Reservoir water, after treatment with lime, was practically 
neutral and free from action on lead. It is to be noted that all the 
waters were very soft. It might be expected that the water derived 
from the Wicken Springs would be decidedly harder than the water in 
the reservoirs. No such great difference, however, was found to exist 
between the two, and this result corresponds with what has been noted 
on other collecting grounds having similar characters. It appears usual 
to find the spring water very soft on moorland gathering grounds which 
are situated at a great height above sea level, and where the geological 
formation is millstone grit. It is of interest to note that the lime 
treatmcMit had the effect of sensibly hardening the water in Lower 
Swineshaw Reservoir. 

Samples of Mossley main water were obtained at regular intervals, 
and over a considerable space of time. The i*esults are given in 
separate tables, and will be discussed in a different section of the report. 
It may be stated here, however, that the results showed that Mossley 
was being supplied with a water possessed of acidity and plumbo-solvent 
ability. This was the case prior to the lime treatment. Afterwards 
the condition of the water improved materially in these important 
respects. As has been already indicated, the town of Mossley is 
supplied with water from Lower Swineshaw Reservoir. 

Remarks on the Results yielded by the Chemical Examination of the 
Waters in Reference to the Observed Characters of the Gathering 
Grounds, 

Gree^ield Supply. — The acid condition of Yeoman Hey Resei*voir 
water on November, 1894, is easily to be accounted for when it is 
remembered that Greenfield Brook the main inlet stream to the 
reservoir was also acid. The acidity of Greenfield Brook appears to be 
due to the peaty nature of the suitace soil drained by it. That this 
supply is not more acid is to be accounted for by certain redeeming 
features on the drainage area. These have been already indicated, e.g,f 
the large amount of neutral spring water as well as of acid peaty water, 
the shfdlowness of the peat beds, the abrupt slopes of the hills allowing 
of rapid drainage, and the comparative absence of areas such as exist on 
so many moorland gathering grounds where the rain can saturate and lie 
stagnant in peaty soil, &c., &c. 

It is JK^ improbable that Greenfield Brook supplies Yeoman Hey with 
a neutral water during its dry weather fiow, and with a very acid water 
during storm^ time. In the- former case the water would be chiefly 
derived ^om hill-side springs, and in the latter case from the sorfaee 
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drainage of peat. In iatermediate conditions of the rainfall the water 
is probably onlj slightlj acid. 

Stoineshaw Supply, — The acidity of Higher Swineshaw Reservoir 
might have been anticipated from the description of the characters of 
its watershed. Thus it was shown that peat was abundant superficially 
and in depth, that the drainage from the surface soil was not altogether 
satisfactory, and that there were places on the gathering ground where 
the rain saturated and lay stagnant in peaty soil. It is to be noted 
that Swineshaw Brook, the main inlet stream to the reservoir, was 
neutral on S^tember 12th, and acid on November 1st, 1894. On the 
former occasion the brook contained chiefly spring water and very little 
surface water, and on the latter date, owing to the preceding rains, it 
was supplying the waterworks with a large quantity of surface peaty 
water, and proportionately less spring water. The peat drains from 
Boar Flat probably always yield an acid water, and the same may be 
said of the small peat drain on the opposite side of the reservoir. 
Wicken Brook, although found to be neutral on each occasion on which 
it was tested, may possibly yield an acid water under exceptional 
circumstances, e,g.^ during a heavy flood following on a period of 
drought. The Wicken Springs doubtless always yield a neutral water, 
but this water apparently is not usually permitted to enter Higher 
Swineshaw, and is carried instead down the bye- wash, and can be passed 
into Lower Swineshaw, or into the main stream to Brushes. It is 
apparent from Experiment 26 of the accompanying table that this spring 
water is not only neutral, but possessed of considerable acid neutralising 
ability, and that if turned habitually into Higher Swineshaw, it would 
materially reduce the acidity of the water in that i*eservoir. The acidity 
of Lower Swineshaw is to be traced to the acid water which it receives 
from the Higher Heservoir. Possibly also the three streams, which 
enter the reservoir on the east side, may sometimes yield an acid water, 
although on the occasions on which they were tested they were found 
to be neutral. On correspouding dates. Higher Swineshaw was more 
acid than Lower Swineshaw, and the explanation seems to be that the 
Lower Reservoir receives a neutral water from the Wicken Springs. 
The neutral condition of Brushes Reservoir is of considerable interest. 
It is to be noted that the characters of its watershed are very different 
from those at Higher Swineshaw, 6.^., there is less peat, better drainage 
from the soil, and more spring water, &c., &c. Other pointa to be 
noted in this connexion are as follows : — The bed of Brushes is not 
nearly so peaty as in the case of Higher Swineshaw Reservoir. There 
is a very considerable amount of leakage from Lower Swineshaw, and 
the water from this source, afler filtering through the rocks, finds its 
way into the main stream leading to Brushes. This probably accounts 
for the neutral condition of Brushes main stream, observed on September 
12th, 1894. It is true that en November 1st, 1894, this water was acid, 
but on that date a large amount of acid water from the upper parts of 
the collecting ground was reaching the stream by way of the bye- wash 
It is to be noted also that it is possible to supply Brushes with the 
neutral water from the Wicken Springs. This would of itself be 
sufficient to account for the reaction of Brushes. Some little difficulty 
was experienced in getting precise information on this head. Thus, 
when the gathering ground was visited on September 12th, 1894, the 
impression was received that the water from the Wicken Springs was 
occasionally admitted to Brushes. On the second visit, hovever, the 
waterworks authorities corrected this impression, and explained that 
the spring water was passed into Lower Swineshaw. 
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Ashton-under-Ltnb, Stalybridoe, and Dukinfibld Watbbwobkb. 

Table l.-^-Chemical Results, 



m 

4» 


BMcription of the 
Sample of Water. 


Beaction 

with 
Lacmoid. 


Acidity 

in Terms 

of CO. 

^NatCO, 

required to 
neutralise 

100 O.C. of 

the Water. 


Hardness 
(CaCO, 

Pturtaper 
lOO/MK)). 


Action on Lead (Uesults stated as 

per lOOjOOO) . The action on Lead wi 

by upward filtration throufl^ 60 

washed Lead Shot at the rate of 8 

per 60 C.C 


Parts 
IS tested 
cc 
mins. 


1 


1st 
60 CO. 


2nd 
60 cc 


Srd 
60 cc 


4th 
50 CO. 


6th 
60 cc. 


Average. 


1 


Feh. aoth. 1W4. Yeo- 
man Hey Bceorroir 
at "outlet." 


Neutral 


Neutral 




0-0 


0*0 


0*0 


0-0 


0*0 


0*00 




8eptUth,18M. Yeo- 
man Hey Beaerroir. 
The Mmple of water 
waa ooUected at 
thn lide of the 
reeerroir. 


Add 


0-42 


8-1 


0*1 


0-2 


0-6 


0*6 


0*7 


0*48 


1 


Oct.20th,18M. Teo- 
man Hey Bef erroir 
at-cutfeV 


Neutral 


Neutral 


»i 


0-0 


0-0 


0-0 


0*0 


0*0 


0*00 




Bepft. Uth. 1894. 
Brmhee SeMnroir 
near "outlet." 


Neutral 


Neutral 


8*2 


0-0 


0*0 


0*0 


0-0 


0-0 


0*00 


6. 


Oct. 20th. 1894. 
Brushes Besenroir 
near** outlet." 


Neutral 


Neutral 


8-1 


0*0 


0*0 


0*0 


0-0 


0*0 


0*00 


6 


Jan. jnst, 1806. 
Bmahes Besenroir 
near "outlet." 


Neutral 


Neutral 


8-9 


0-0 


6*0 


O'O 


0*0 


0*0 


0*00 




Sept. 28th, 1896. 
Brushes Besenroir 
near "outlet." 


Neutral 


Neutral 


8*8 


0*0 


0-0 


0-0 


O'O 


O'O 


0*00 


d 


Sept. 14th, 1894. 
Lower Swineshaw 
Beaerroir at "out- 
let" 


Acid 


O'tf 


2*8 


0-1 


0*6 


0*7 


1*0 


1-0 


0-66 


9 


Oct 20th. 1894. 
Lower Swineshaw 
Beserroir at "out- 
let" 


Acid 


0*86 


2-8 


0-0 


0*1 


0*6 


0*8 


0*8 


0*46 


10 


Sept 26tb. 1896. 
Lower Swineshaw 
Beaerroir at "out- 
let." 


Faint trace 
add. 


Trace acid 


4-9 

• 






Tra 


yoea. 






11 


Sept 14th, 1894. 
Higher Swineahaw 
Seaenroir at " out- 
let" 


Acid 


0-60 


2*9 


0*4 


1*0 


1*2 


1-2 


1*2 


1*00 


12 


Oct 20th. 1894. 
Hifl^ier Swineahaw 
Beaenroir at "out- 
let." 


Acid 


0-48 


8-1 


0*1 


0*4 


0*8 


0*9 


1*0 


0*64 


18 


Jan. Slst 1896. 
Higher Swineahaw 
Beeerroir at "out- 
let. 


Add 


0*48 


8-4 


0*2 


1*0 


1*2 


1*2 


1*2 


0*86 


14 


Sept. 26th, 1894. 
Higher Swineshaw 
Beserroir at "out- 
let." 


Add 


0-60 


4*2 


0-2 


0-4 


0*8 


0*8 


1-0 


0*64 


10 


Sept 14th. 1894. 
spring No. 1 to 
Brushes Beserroir. 


Neutral 


Neutral 














^^ 
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Description of the 
Sample of Water. 


BeactioA 

wUh - 

Laemoid. 


Acidity 

in Terms 

of CO. 

,^Na.CO. 

required to 
neutralise 
100 c.c. of 
the Water. 


Haxdneas 

(CaOO, 

parts per 

100,000). 


Action on Lead (Results stated as parts 

per 100,000) . The action on Lead was tested 

biy upward filtration through 50 cc. 

washed Lead Shot at the rate of 8 mins. 

per 50 CO. 


H 


1st 

60 cc 


2nd 
50 cc 


Srd 

50 cc 


4th 
5U cc. 


5th 
60 cc 


Avenge. 


IG 


Sept. 14th. 1894. 
Spring No. 2 to 
Blushes Be8?rvoir. 


Neutral 


Neutral 




— 


— 


— 


— 


— 


— 


17 


Sent. 14(h. 1894. 
Spring No. 3 to 
Brushes Reservoir. 


Neutral 


Neutral 




""" 




~~ 


~" 


^mm 


^~" 


18 


Oct. 20th. 1894. 
Wicken Brook to 
Higher Swineshaw 
Reservoir. 


Neutral 


Neutral 


3-9 










1 




19 


Oct. 20th. 189k Wic- 
ken Spring Xo.!. 


Neutral 


Neutral 


4-9 


— 


— 


— 


— 


— 


1 


20 


Oct. 20th, 1894. Wic- 
ken Spring No. 2. 


Neutral 


Neutral 


8-9 


1 


— 




— 


— 


•— 


21 


Oct. 20th, 1894. Wic- 
ken Spring No. 8. 


Neutral 


Neutral 


3-7 


— 


— 


— 


— 


— 


*- 


22 


Oct. 20th, 1894. Wic- 
ken Spring No. 4. 


Neutral 


Neutral 


3-7 


— 


— 


— 


— 


— 


•■" 


28 


Oct. 20th, 1894. Wic- 
ken Spring No. 5. 


Neutral 


Neutral 


3-5 


— 




— 


^— 


— 


"— 


24 


Oct. 20th, 1894. Equal 
parts of theWicXen 
Spring vater (Nos, 
1, 2, 3. 4, and 5) 
mixed together and 
tested for action on 
lead. 


Neutral 


Neutral 




0-0 


O'O 


O'O 


O'O 


0-0 


o-oo 


25 


Oct. 20th,1894. 250C.C. 
of the mixed spring 
water (Experiment 
21) mixed with 250 
C.C. Higher SWine- 
shaw water (Experi- 
ment 12) and tested 
for acidity and 
action on lead. 


Neutral 


Neutral 




0-0 

t 


0-0 


00 


00 


0*0 

i 


0-00 


86 


Sept. 26th, 1895. 
Higher Swhieshaw 
Beservoir water 
after treatment with 
lime and before 
entering Lower 
Swlnesnaw Beser- 
voir. 


? ft. trace 
acid. 


? ft. trace 
acid. 


6*3 

1 






PTi 


races. 
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Survey No. 2. 

BACUP CORPORATION WATERWORKS. 

Sources of the Wateb Supply and General Description of 
THE Waterworks (purchased bj the Corporation of Bacup 
froAi the RossENDALB Waterworks Company in the Tear 
1894). 

The present supply is obtained from 285 statute acres of moorland 
gathering ground, situate on the southerly side of and within the 
borough, embracing the localities known under the names of Holden, 
Bracdwood, and Higher End Moors, Height Barn Moss, and Lee 
Moss. 

The water from the gathering grounds drains naturally into three 
moorland streams, the central one of which is known as '' Venemous 
Cloiigh,"* and into which the waters from the three streams are collected 
bj meacs of a covered stone catchwater drain, and stored in a small 
reservoir formed by the construction of an earth embankment across a 
narrow gorge. 

From this small reservoir (in Venemous C^lough) the water is con- 
veyed by means of an 18 -inch iron pipe across an intervening valley to 
settling tanks situate at the inlet of the Sheephouse Storage Reservoir, 
which has been constructed to intercept peat, sand» and other matters 
in sus[)ension before the water enters the Sheephouse Reservoir. 

From this Sheephouse Reservoir the water at present is conveyed to 
and distributed for use in Bacup without filtration or other treatment, 
bat extensive works are now in course of construction at the foot of 
Sheephouse -Reservoir embankment for efficient filtraticMs, decolourisa- 
tion, and purification of the water through sand filters, polarite, and 
charcoal, and also to counteract the solvent action of the water on 
lead by an admixture of calcium carbonate or such other chemical as 
shall be found necessary to remove the solvent action of the water on 
metallic lead. 'When these works are completed it is expected that the 
water supply of the district will be perfectly satisfactory. 

No special provision has been made for the exclusion of storm water 
ether than its passage into a compensation reservoir for the statutcwy 
snpply to the mills on the stream; « • . 

The partkularg as to gathering ground, rainfall, capacity of reservoir^ 
coneumption, Ac., are as follows :^» 

Gathering Ground. — 285 statute acres. < 

Average Rainfall (estimated *— 

Catchment area • - -44 inches per annum. 

Bacnp borough - - * • 44 „ „ 



^ yoK coDTenience of dcscriptioa these ihire moorUnd streams will be re fe rred to 
Vrtiemoifi Clough No. 1, No.S (the eentml one), and No. a« 
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There is no rain gauge upon the gathering ground. The amount 
of rainfall here stated is based upon the rain-gauge records of the 
adjoining catchment belonging to the Hey wood Corporation, 
extending over 50 years. Daily records cannot be supplied. 



Sheephouse Storage Reservoir .-*- 

Total capacity - - - 29,000,000 gallons. 

Top water, above sea level - 1,004 feet. 

Depth - - - - 27 „ 

Surface area when full - - 6 statute acres. 

Consumption of Water. — Estimated at 200,000 gallons per day. 



Characters of the Gathering Ground, 

The gathering ground is entirely composed of moorland. The 
vegetation consists of coarse pasture grass, heather, and moss. 

The surface soil is very peaty, indeed, nearly the whole of the 
gathering ground is covered with a thick layer of black peat. Under- 
neath the peat is sandstone, shale, and flagstone. 

Although the slopes on the moors are sufficient to drain the land, the 
peat is so abundant superficially and in depth that an enormous quantity 
of water must be held in its interstices, and a considerable portion of 
this water during flood time is washed into the supply, fouling it to a 
serious extent. The amount of spring water or of water altered in 
character by its passage over or through rock is not great. There are 
places on the gathering ground where the rain not only saturates the 
soil but lies stagnating in peaty and mossy pools and in marshy places. 
Briefly the characters of this gathering ground are such that a very 
great quantity of peaty water must enter the waterworks especially in 
flood time, when the Sheephouse Beservoir is being refilled after a 
drought. The Corporation are, however directing their best attention 
to improving the present supply (aa previously stated) and also to the 
provision of a new scheme of supply for the district. 



Conditions found to exist on the Gathering Ground on March 30, 

1896. 

Owing to rain the streams were running fuller than normal, and the 
water both in the streams and in the reservoirs was much discoloured 
with peaty matter. Lacmoid was used to test the reaction of the 
various waters. Sheephouse Beservoir was tested at various points, and 
the water was found to be distinctly acid. The *' inlet '' water tx> the 
reservoir from the settling tanks was also acid. The mountain streams 
which drain a largv area of moorland and which are known as Venen^ous 
Clough No. 1, No. 2, and No. 3 were tested at various points, and were 
found to be acid in each instance. Of these three streams Venemous 
Clough No. 3 appeared to be the least discoloured with peaty water. 

Samples'of water were collected for more .detailed examination from 

Venemous. Clough . No. .1 and No. 2, from the inlet to Sheephouse 

Beservoir, and from Sheephouse Reservoir, the results are given in an 

.accompanying table. Briefly jstated the results of the examination of 

these watera showed the following. All of the waters were distinctly 
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acid and dissolved lead to a considerable extent. Venemous Clongh 
No. 1 and No. 2 were most conspicuous in this respect, especial Ij the 
latter, but the inlet water to the reservoir i/\'hich represented a mixture 
of water from Venemous Clongh No. 1, No. 2, and No. 3 was le^ acid 
and acted less strongly on lead than the water of Sheephouse Reservoir. 
The acidity and plumbo-solvent ability of this water was practically 
removed by neutralisation with lime water, as is shown in Experiment 5 
of the accompanying table. 

As regards the bacteriological results, it is to be noted that Sheep - 
house Reservoir contained a much larger number of micro-organisms 
than the V inlet " water to the reservoir. Possibly the explanation lies 
in the fact that a very large amount of peat is worked into the reservoir, 
and this may produce fermentative changes in the bed of the reservoir 
associated with the rapid growth and multiplication of bacteria. 

Later samples were obtained at intervals more or less periodic from 
the 'Mnlet" to and the *' outlet" from Sheephouse Reservoir. The 
results of their examination is given in a separate table and will be 
discussed elsewhere. 



Remarks on the Results yielded by the Chemical Examination of 
the Waters in reference to the Observed Characters of the 
Gathering Ground, 

The marked acidity and plumbo-solvent ability which the various 
water A were found to possess might have been anticipated from the 
ilescription of the characters of the gathering ground ^ regards the 
presence of great quantities of peat and the opportunity afforded the 
raiu of stagnating in the soil. It has been repeatedly noted that water 
(neutral and free from action on lead) after filtering through peat is 
usually acid and possessed of plumbo-polvent ability. This has been 
observed both in the case of water draining from peat on moorland 
and also in the case of distilled water and rain water filtered through 
samples of peat in the laboratory. 

As regards the great acidity of Venemous Clough No. 1 and No. 2 
as compared with " inlet " water to Sheephouse Reservoir, the following 
points deserve notice. Probably Venemous Clough No. 3 contained on 

March 30 less acid peaty water than No. 1 and No. 2, and it may^be 

although this point was not specially noted — that its volume of water 
was greater. It is not unlikely that the mixing of these waters together, 
and. the subsequent passage of the mixed water for a considerable 
distance through iron piping and through settling tanks might reduce 
the acidity. The greater acidity and plumbo-solvent ability of the 
reservoir water, as compared with the "inlet" water, points to the con- 
ditions as regards reaction and action on lead being sometimes reversed. 
It may be that during heavy floods the inlet water is very much more 
acid than the water in the reservoir. E.xperiments show that an acid 
water under conditions of storage tends to decrease in aridity, but in 
the case of this water-supply it must be remembered that, notwith- 
standing the provision of settling tanks, a large amount of peat is 
washed into the bed of the reservoir, where it may produce fermentative 
changes associated with an increase of acidity. 

There can be no doubt that the provision of a watercourse for the 
purpose of excluding storm water would beneficially affect the water 
in Sheephouse Reservoir as regards acidity and plumbo-solvent 
ability. 
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Bacup (Rossendale) Waterworks. 
Table 2. — Chemical and Bacteriological Results. 



D«.4Cnption of the 
Sample of Water, 



Reaction 

with 
Xiaomoid. 



Acidity 

in Terms 

ofcc. 

^Na,0O, 

required to 

neutralise 

100 C.C. of 

the Water. 



Action on Lead (Retoltff stated as Paru 

per 100,000). The action on Lead was tested 

by upward filtration through SO c.c 

washed Lead Shot at the rate of 8 mios, 

per 60 0.C 



1st 
60c.c. 



2nd 
80 CO. 



Srd 
50 cc 



4th 
60 CO. 



6lh 
60 cc 



Vonemoas Glongh 
No. I, March Slst, 
1896, 

Venemous Cloogh 
No.' 2, March Slst, 
1896. 

" Inlet,'* Sheephouse 
Reservoir, March 
Slst, 1896. 

Shoephouse Reservoir, 
March 31st. 1896. 

A portion of the 
"inlet" water to 
Sheephouse Reser- 
voir (experiment 3) 
was neutralised 
with lime vrafeer 
and Icept in un- 
stoppered bottle 
for two days, and 
then tested for 
acidity andplombo- 
solvent ability. 



Acid 

Acid 

Acid 

Acid 
Neutral 



0*78 



1*08 



0*48 



0*66 



Pfainfc 
trace acid. 



0*6 



1-5 



0*2 



0*8 



Number of 

Micro- 
Ontanism^ 
ill 1 cjc. of 
the Wstei-. 



1*2 


1-6 


r« 


1*6 


1-82 


«'0 


2*6 


2*6 


2*6 


2-20 


0-4 


0*6 


0*8 


org 


0*66 


1-2 


1-2 

1 


1*6 

Nrsoei. 


1*6 


1*28 



3U 



2S23 



* .. . I 



p^r 



1 
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BARNSLEY CORPORATION WATERWORKS. 
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Survey No. 3. 

BARNSLEY CORPORATION WATERWORKS. 

Source op the Water Supply and General Description op the 

Waterworks. 

The water Supply of the Bamsley Corporation is derived from moor- 
land gathering grounds situate at Ingbirchworth, near Penistone, about 
9 miles west of Barnsley. 

There is only one storage reservoir — Tngbirchtoorth — on the gathering 
ground, and it receives its water supply from the following sources : — 

At the south end of the embankment, there is a catchtoater conduit 
which extends for a considerable distance in an easterly direction, 
terminating in a small reservoir, called the Annet Royd Reservoir, and 
drains a large area of moorland. 

Starting from this point and going round the reservoir in a south- 
westerly direction, the following additional sources of supply are to be 
noted: — 

JackaofCs Spring, — The water from certain hillside springs is led into 
B chamber, and fix>m thence is piped into the reservoir at a point not far 
removed from the catchwater conduit already alluded to. 

Spicer Houte ^roo^.-^This is a small stream which contains a 
variable mixture of spring and surface water. 

Blackwater. — This stream, which in stormtime contains a considerable 
quantity of surface peaty water, discharges into the water from .Broad- 
stone Dyke, and the mixed water enters the reservoir at its upper. end. 

Broctdstone Dyke. — This is a mountain stream, which drains a large 
area of moorland, and which receives a certain quantity of water from 
Dunford Reservoirs of the Dewebury and Heckmondwike Waterworks. 
It unites with Blackwater, and so before discharging into the reservoir 
represents a variable mixture of Broadstone Dyke water, Dunford 
Reservoir water, and Blackwater. 

The above are the only feeders of any importance supplying 
Ingbirchworth Reservoir. 

The water, aftQ^ leaving Ingbirchworth Reservoir, is filtered through 
filter beds, some of which contain Trent sand and pebbjes, and others 
l^rent sand, broken gpitstone, gritstone ground sand, and mountain 
limestone. After filtration the water is carried by cast-iron pipes a 
distance of about P miles to the town of Barnsley, the pressure being 
broken on the way by t^o covered tanks, one at Hoylandswaine and one 
at Gbampany Hill. ■ 

By agreement with the Dewsbury and Heckmondwike Waterworks 
Board, the Corporation of Barnsley purchase from the Board a 
minimum quantity of 20,000,000 gallons or a maximum quantity 
of 40,000,000 gallpns por annum, which they may commence to take 
on July 1st in «ach vear, and continue to take at the rate of 
200,000 gallons per day for a minimum of 100 days or a maximum of 
200 days consecutively. The maximum quantity has been taken only 
once, viz., in 1893. 

£ 88578. O 
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The following notes on Barnslej Corporation Waterworks are of 
interest : — 

SainfalL 

Average jearlj rainfall in Barnsley, 25*12 inches (average for the 
last 15 years). 

Average yearly rainfall on the gathering ground, 38*15 inches 
(average for the last 15 years). 



Capaciti/f 4"^., of Inghirchworth Reservoir. 




Capaeitj* 


Top Water Iiovel. 


Depth. 


Area. 


802,000,000 gallons - 


848 feet abore Ordnance 
datum. 


59 feet 


54 acres. 



Consumption of Water, 

At the present 1,150,000 gallons for trade and domestic purposes per 
day. 

At the present 810,000 gallons for compensation water per day for 
811 days in the year. 

Drainage Area, 

1,857 acres, and 53 acres of Broadstone Eeservoir; total, 1,910 
acres. 



Daily Rainfall on 


Gathering 


Ground from June 1 \th. 


, 1895 to 


July Wthy 1895, inclusive. 




1895. 


Rainfall. 


1895. 


Sainfall. 




Inches. 




Inches. 


June 11th - - - 


0*08 


Jane 27th - • - 


0-88 


„ 12th 


— 


„ 88th 


0*25 


„ 18th - 


— 


,, 29th « • • 


0-8& 


„ 14th 


— 


„ 30th 


0-27 


„ 15th - - - 


— 


July Ist • - . 


0-10 


,, 16th 


— 


„ 2nd 


0-19 


„ 17th - - - 


.— 


„ 8rd - 


0*84 


„ 18th 


— 


„ 4th 


0*10 


„ 19th - 


— 


9) 5th -• - - 


— 


.. »Oth 


• — 


« 6th • . T 




n «l«t - - - 

„ 22nd 


^^ 


„ 7th - - - 

„ 8th ' . • -' 


4 


„ 23rd - - - 


— 


„ IKh . * • . 


— 


„ 24th 


— 


„ 10th . - 


-— 


„ 25th - 


— 


„ 11th - • '• 


0*21 


„ 26th 


1*25 
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Notes on the Characters of the Gathering Ground. 

The total area of the watershed is 1,910 acres ; of this there are about 
12 acres to each of the 160 persons lining on the gathering ground; 
which comprises 227 acres of arable land, 445 acres of meadow land, 
622 acres of pasture land, 373 acres of moorland, and 243 acres of roads, 
streams, reservoirs, quarries, and waste places. 

It is especiallj to be noted that oat of the total of 1,910 acres, only 
373 are composed of moorland. This gathering ground, then, which is 
osaally considered as a moorland one, is obviously different from the 
generality of so-called moorland collecting grounds. Briefly its 
characters may be described as follows : — 

Peat is abundant superficially and in depth on tbe 373 acres of 
moorland. Elsewhere its distribution is sparse, the surface soil over the 
rest of the watershed being only slightly peaty in character. 

The surface soil over most of the gathering ground rests on gravel 
and gritstone rock. 

Apart from the arable and meadow land, the vegetation consists 
chiefly of coarse pastare grass. Heather and moss are abundant on the 
moorland portion of the collecting ground. 

The hill slopes are steep, thus allowing the water to run rapidly 
into the waterworks supply. Towards the source of Blackwater and 
Broadstone Dyke, however, the conditions are not so favourable in this 
important respect. 

The proporrion of spring watt^r to surface water is greater than is 
nsually found in the case of moorland water supplies, and the amount of 
surface water which is unquestionably peaty in character is far below 
the average. 

There ore but few areas, such as exist on most moorland collecting 
grounds, where the rain saturates the soil and stagnates forming pools 
and marshy places. . The only portions of the watershed where thi& 
might possibly take place are on the drainage areas of Blackwater and 
Broadstone Edge. 

Of the water draining into the reservoir, the most peaty water is from 
Broadstcme Edge and Blackwater, particularly the latter. 

In conclusion, it is to be noted that this so-called moorland gathering 
ground is peculiar in the comparative absence of peat, and^ in 
consequence, of peaty water. 



. Conditions found to exist on the Gathering Ground on 

July 11th, 1895. 

The rainfall from June 11th to July 11th is given in an accompanying 
table. It is to be noted that for some days previous to July llth no 
rain fell on the gathering ground, and the streams feeding the stoi'age 
reservoir were in consequence very low. 

Laempid was used to test the re^tion of the various waters, and it 
is to be noted that when a water gives a. neutral reaction with this 
indicator, it will not dissolve lea4 to any appreciable extent under 
laboratory conditions of experiment. 

The water in Ingbirchworth Ke^rvpir was tested at various points, 
and was found to be neutral in reaction. 

The water in the catchwater, in Jackson's Spring, Spicer HoiiSQ 
Brook, and in Blackwater Dyke was neutral. 

O 2 
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Broadstone Dyke was traced for some distance towards its source, and 
was found to be neutral in reaction. 

The water from the Dunford Reservoirs — Dewsbury and Heckmond- 
wike Watei^works— which mixes with the Broadstone Dyke supply, wa6 
found to be distinctly acid, although i(s acidity was not sufficient to 
alter the neutral reaction of Broadstone Dyke. 

The water from Ingbirchworth Reservoir was tested both before and 
after passing through the filtration tanks, and it was found to be neutral 
in reaction. 

Samples of water were collected, and subsequently tested for acidity 
and plumbo-solvent ability, from Ingbirchworth Reservoir, and from 
the filter beds containing Trent sand and pebbles, and also after passing 
through the filter beds containing Trent sand, broken gritstone, 
gritstone ground sand, and mountain limestone. In each case the water 
was found to be neutral and free from plumbo-solvent ability. The 
results are given in an accompanying table. It is to be noted that the 
" hardness '^ of Ingbirchworth Iteservoir water is more marked than is 
usually found to be the case in moorland waters, and that the ** hardness " 
of the water was greater after filtration through the filter beds contain* 
ing limestone than after filtration through those which contained no 
limestone. 



Remarks on the Results yielded by the Chemical Examination of the 
Waters in reference to the observed Characters of the Guthering 
Grround, 

It is to be noted that the conditions found to exist on July llth were 
not normal as regards the rainfall. For some days previously no rain had 
fallen, and in consequence the streams supplying Ingbirchworth Reservoir 
contained chiefly spring water, and very little surface water. The 
importance of this observation lies in the fact that the reaction of 
moorland streams frequently varies according to the rainfall, being 
usuaUy neutral in time of drought, and often acid in storm time. 

The neutral condition of Ingbirchworth would seem to imply that the 
sum of the waters supplying the reservoir is usually neutral, or at all 
events that it was so for some time previous to the date of visit. It is 
quite possible, however, that in storm time the water in Broadstone Dyke 
and Black water Dyke, and in the catch water may be acid in reaction. 
Particularly is this likely to be the case with the water from Blackwater 
Dyke, because this stream drains a considerable area of peaty land. 

It is of importance to note that the only acid water^was from the 

Dunford reservoirs, and it may here be noted that the watershed of the 

Dewsbury and Heckmondwike Waterworks contains much more peat than 

the one now under discussion. The chemical results appear to be in 

-accordance with the observed characters of the'gathering ground. Thus the 

amount of peat on the Barnsley watershed is very small as compared with 

most moorland collecting grounds, and the amount of peaty water gaining 

•access to the waterworks is not great in relation to the total yield of 

^water from the drainage area. On the other hand, the amount of spring 

water and water not essentially peaty in character, is relatively great. 

In correspondence with these favourable conditions, it was found that 
the water in the storage reservoir, and in the streams supplying the 
waterworks, was neutral in reaction. 

The exception was found in the ease of the Dunford supply, which 
was acid, and which came from a source unquestionably peaty. 
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Babnslet Corpobation Waterworks. 
Table 3. — Chemical Results. 



1 


Description of the Sample 
of Water. 


Reaction 

with 
Lacmold. 


Acidity 
in Terms 
of C.C. 

^ Na,CO, 

required to 

neutralise 

100 c c. of 

the Water. 


Hardness 
(OaCO, 

parts per 
100,000). 


Action on Lead (Parts per 100.000). 

The action on Lead was tested 

by upward filtration through SO o.c. 

washed Lead Shot at the rate of S mins. 

per fiO cc. 


1 


Ist 
50 CO. 


2nd 
60 cc. 


Srd 
60 cc. 


4th 
60 cc 


6th 
60 cc 


Average. 


1 
2 

S 


Jnly 12th. ISOfi. Ingbirohworth 
Reaervoir. water, near "out- 
let." 

July 12th. 1806. Ingbirchworth 
Rcaerroir -water after filtration 
tiirongh Trent »nd, broken 
gritatODo. gritstone int>und 
sand, and mountain limestone. 

July 12th, 1890. Ingbirchworth 
Reservoir water after filtration 
throujch Trent sand and 
pebbles. 


Neutral 
Neutral 

Neutral 


Neutral 
Neutral 

Neutral 


• 
7-7 

9*0 
7-8 


0-0 
0-0 

0*0 


0-0 
0-0 

0*0 


0-0 

0-0 

0-0 


0*0 
0*0 

00 


O'O 
00 

0*0 


O'OO 
0-00 

OOO 
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Survey No. 4. 

BARROW-IN-FURNESS CORPORATION WATERWORKS. 



Source op the Water Supply and General Description 

OP THE Waterworks. 

The bupply is obtained from moorland gathering ground at Pennington 
and Poaka Beck, both about 10 miles from Barrow. 

Pennington System, — Pennington Roservoir is supplied with water 
from a mountain stream — Rathmoss Beck — ^which drains a large area of 
moorland. This is tlie chief source of supply. Another and smaller 
stream enters the upper end of Ihe reservoii' and it drains land similar 
in character. The water from this reservoir is brought by way of an 
underground tunnel to Poaka Beck Reservoir. Storm water may be 
kept out of the reservoir by turning it down a bye- wash. There is, 
however, no automatic arrangement for excluding such water. 

Poaka Beck System. — Poaka Beck Reservoir is supplied with water 
from Poaka Beck and from Pennington Reservoir. Poaka Beck drains 
a large area of moorland. A small spring discharges its water into the 
upper end of the reservoir. There is no automatic arrangement for 
excluding storm water but it may be kept out of the reservoir by turning 
it down a bye-wash. 

The water from Poaka Beck Reservoir is filtered through sand, 
gravel, and broken slate rock. After filtration the water is carried to 
the service reservoirs for distribution in the borough. 

Ireleth System. — The area drainage into Ireleth Reservoir is [only 
about 150 acres. The bulk of the water drains land which is not peaty 
in character. This portion of the gathering ground was not visited. 

The Corporation own nearly all the land bordering the, reservoirs, 
and the streams supplying the re^erToirs. The watershed i» free from 
all sources of pollution. 

The following notes on Barrow-in-Furness Corporation Waterworks 
Are of interest : — 



RainfalL 

Average yearly rainfall at Barrow-in-FurncFS - 

Average 

Maximum 

Minimum 



99 
99 



99 
99 
99 



on gathering ground 



9» 
99 



99 
>9 



Inches. 

- 38-00 

- 62-57 

- 71-70 

- 35-17 



Capacity of Reservoirs^ S^c. 



Name of Reservoir. 


Area of 
Reservoir. 


Top water 

Line above 

Ordnance 

Datum. 


Depth of 
KeserToir. 


Capacity of 

Eepervoir. 

1 


Drainage 
Area. 


Poaka Beck - 
Pennington - 


Acres, 
28-75 

22-5 


Feet. 
505 

505 


Feet. 
44 

87 


Gallons. 
190,300,000 

138,700,000 


Acres. 
720 

1,180 



BARROW-IN-FURNESS CORPORATION WATERWORKS. 



l// 



T 






^^ 



'/■ 






Si£^ 



<tJt*oa 



>.'' 



\fy^^--* 



'«3i.< 



White Mtf^ 



II 






rrrtJ 



l^v^. 



v/i 






y\ 



/I/ 



Ml^tt-^ 



r^^*«» 



O / r 



' 71/ 5^ 



-?*II 



>*4w 



[i*rA 



^T'^.''.*^'^ 

y;;-"^'^ 



ityati 



/ 



.^/ 



SmUh 






'V 



/ 



jw 



fcr*! 



\ 



&f .//^^l^* 



.f/oM ^w< 



i / 



1/ ^ \ rr 



\ 



\- 



frt//\ 






/^\ 



'i^f^'i 



/, 



f^^ 



'ktrtf. 






J27 






Lir/zi 



r 



.A->^ 



'itf> ^ i 



eVr>J 






A' 






■fwmJu^n 



V 



^^, 



/ 



^V 



lOj 



)frrouru 



^4 









• S'^i 






/ 



T? 



;/ 






•^/ 



y 



'^ 






T 



:^.' v^ 



M<r 



r/^1 






^ 



/ 



/ 



^/^a4 



/ 



vjrf/f 



N, 



r^T-^ 



tiiyn 






1W>|/W*^ 



7A 



^ Mile. 



/'iww^' 



m^ 



:i,T 



^ 



ivW*^-^- 



^1 



!»'vr- 



\y 



'At 



ff \J 



^50 



XlrT>wJ^n*t 



> 



Ht^UJKi 



/ 



7 



K cr$^ 



v»: 



Im* 



-y 



■•A 



>^:^'<i 






o n 



rvr 



"■\ 



.Jit^ 






500.8.(900 



9 i « 3^ /_ I <> 



Jkalr of OiiiP iTich to Oue Stuluu- MiW wiw 



E .Weller & Grahams. L*^ Litho. London. 



91 



Camumption of Water. 

The cemsomptioQ of water varies according to the state of trade. In 
1895 the average daily consumption was about 2,432,000 gallons for the 
whole district, including 400,000 gallons per daj to Ulverston. The 
total rainfall for that year was 48*47 inches, 610,980.000 gallons were 
run to waste. 

The dailj rainfall from I9th February 1896 to 19th March 1896 
(date of visit to gathering ground), inclusive, was as follows : — 



1896. 


Rainfall. 


2896. 


Rainfall. 




Inches. 




Inches. 


Febraaiy 19th - 


0C4 


March 6th 


0-11 


„ 20th 


0-17 


„ 7th . - - 


0-75 


„ 2l8t - 


0-18 


„ 8th 


0-06 


„ 23rd - - 


—m 


„ 9th - 


O'Ol 


„ 24th - 


... 


„ 10th 


0-44 


„ 25th 


... 


„ 11th . . . 


o-oi 


„ 26th - 


-~ 


„ 12th 


.... 


n 27th - - 


0-22 


„ 13th - - - 


0-50 


28th - 


0-58 


„ 14th 


0-16 


„ 29th 


0-70 


„ 15th - 


0-44 


March Ist • - 


0-10 


„ 'leth 


0-02 


„ 2nd - - - 


0-82 


„ 17th - - 


0-26 


•„ 8rd 


0-13 


„ 18th 


~ 


„ 4th . - - 


0-06 


„ 19th . 


0-88 


„ 5th - 


0-40 







Notes on the Charticters of the Gathering Ground* 

Nearly the whole of the gathering ground is composed of waste 
moorland. 

The surface soil is more or less peaty but the amount of peat varies 
very much. Thus there are large portions of the gathering ground 
where the soil is only partially peaty and is of comparatively shallow 
depth. High up on the flatter portions of the gathering ground the 
soil is most peaty and is deeper. 

Speaking in general terms, it may be said that considering the moor- 
land character of the gathering ground peat is far from abundant. Tho 
vegetation consists chiefly of rough pasture grass. Heather is also 
common, especiall}' on the higher slopes of the hills. 

Pennington watershed is on the Upper Silurian formation, and Poaka 
Beck partly on the Upper and partly on the Lower Silurian. The 
surface soil rests partly on drifl, grit, and shale, but mainly on drift. 

The water draining from the gathering ground has a rapid fall, and 
the slope of the hills are precipitcus. There are but few places on the 
gathering ground where the rain stagnates in the soil. As regards the' 
proportion of spring water to peaty water, it is to be noted that a large 
proportion of the total yield of water is derived from springs or from 
water which has passed over or through the rock underlying the surface 
soil, and that only a comparatively small amount is essentially peaty in 
character. The moorland streams, before being collected for water- 
works purposes, run on rocky and sandy beds and for considerable 
distances. 
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Conditions found to. exist on the Gathering Ground on March 

19M, 1896. 

Thd daily rainfall from February I9tli to March 19(h inclusive, is . 
given above. 

The reaction of the various waters was tested with lacmoid — a very 
delicate test in the case of moorland waters. 

Pennington System. — Hathmoss Beck was tested at several points ' 
along its course and found to be neutral. The water in Pennington 
Beservoir, was neutral, as was also the water from a small mountain 
stream entering the reservoir at its upper end. 

Poaka Beck System, — The water from Poaka Beck, and the water 
froin a spring entering the reservoir at its upper end, and the water in 
Poaka Beck Reservoir was neutral in reaction. 

Samples of water were collected for more detailed examination from 
Pennington and Poaka Beck Beservoirs. The results are given in an- 
accompanying table. Briefly, the analyses showed that the water from 
Pennington and Poaka Beck Beservoirs was neutral and free from 
plumbo-solvent ability. With regard to the water tested on the 
gathering ground, but not collected for more detailed examination, it is 
to be noted, that when a water gives a neutral re-aetion with lacmoid it 
will not dissolve lead — ^under laboratory conditions of experiment — to 
any appreciable extent. 

Remarks on the Results yielded by the Chemical Examination in 
reference to the Observed Characters of the Gathering Ground. 

It is to be noted that the water in Pennington and Foaka Beck 
Beservoirs was neutral ; hence it may be concluded that Rathmoss Beck 
and Poaka Beck supply, under ordinary conditions, their respective' 
reservoirs with neutral water. It appears that an acid water may 
become partially neutralised under conditions of storage, but when the 
water in a reservoir is found to be neutral, the presumption, nevertheless, 
is that its inlet streams supply it with neutral water. When tlie water 
in a reservoir is found to be acid, and its inlet streams neutral, experience 
shows that it is only in time of drought that the '^ feeders" are neutral, 
and that in flood time tlicy are markedly acid. But when a reservoir 
water is neutral and its inlet streams acid, then either the acidity is very 
slight or dependent on heavy rain following a period of drought. In 
this case, and under ordinary conditions of rainfall, the acidity is usually 
not only "nil," but the water has some acid neutralising ability. 
Mention has already been made of a spring entering Poaka Beck 
Reservoir. This water was neutral, and it is to be noted that moorland 
springs are usually not only neutral but possess some acid-neutralising 
ability. Sometimes, indeed, the water from these springs, as it issues' 
irom the ground, is acid when tested with lacmoid. The acidity 
(probably due to CO2) usually disappears, however, on exposure of the 
water to air. As explaining the neutral condition of Rathmoss Beck and 
Poaka Beck, the following points are to be noted. Although the 
drainage area is moorland, the amount of peat is not very great. There - 
is a large amount of spring water and of water which has become altered 
in character by its passage over or through the rock underlying the 
surface soil. The precipitous slope of the hills allow of rapid superfici^ 
drainage. There are but few places where the rain stagnates in beds of 
peat or moss. The streams iiin for the most part along rocky and sandy 
beds, and for a considerable distance. It is only towards their source, 
that they drain land unquestionably peaty. Lower down they are- 
bordered by plantations of trees and pasture land. 
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Barrow-in-Fubnbss Corporation Waterworks. 
Table ^.-^Chemical and Bacteriological Results, 



X I 

M 



Bescription of the Sample 
of Water. 



Acidity. 



Reaetion 

with 
Lacmoid. 



In Terms 
of C.C. 

required to 

neutraliflo 

100 CO. of 

the Water. 



Action on Lead (RebtUts stated as Farts 
per 100,000) . The action on Lead was tested 
by upward filtration through SO c.c. wadied 
Lttid Shot at the rate of S mins. per 50 cc. 



1st 

ROCC. 



2nd 
60 CO. 



Srd I 4th 
50 C.C. 50 C.C. 



5th 
50 cc 



Average. 



Micro* 

organism 

in 1 cc. 

of the 

Water. 



I 



2 



Prnnington Resenroir water. 
3Iarch 20th, 1896. 

Foaka Beck Reservoir water, 
March 20th. 1806. 



Neutral 
Neutral 



Neutral 
Neutral 











• 




O'O 


0-0 


0-0 


0-0 


0*0 


00 


0*0 


0-0 


0-0 


O'O 


0-0 


0*0 



405 



£49 
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Survey No; 61 

BATLEY CORPORATION^ WATERWORKS. 

Source on the Water Supply and General Description of 

THE Waterworks. 

The supply is obtained from moorland gathering! groundi situated 
20 miles S.W. of Batley, on the eastern slope of the Pennine chaioy 
near the Holmfirth terminal of the Lancashire and Yorkshire Railway. 

There are three reservoirs on the gathering ground) and two of these 
— ^Riding Wood and Ramsden — are used only for compensation pur- 
poses. The remaining reservoir (Yateholme), furnishing water for 
domestic uses in the borough of Batley, is supplied with water from 
the three following sources :— 

(1.) Spring Water ^ — The spring water, although a constimt source 
of supply, is not very abundant. It enters the S.W. side of Yateholme 
Reservoir. 

(2.) Great Bent Dyke. — This is a moorland stream which contains a 
variable mixture of surface water and of spring water. During drought 
the amount of surface water is very small, and in flood time Yerj great. 
It enters the reservoir at its southern angle. 

(.3.) Ramsden Clough. — This stream comes from Ramsden Valley, and 
is tunnelled through a hill and enters the S.E. side of the reservoir. 
Ramsden Clough, like Great Bent Dike, contains a variable mixture of 
surface water and spring water. 

Netberley Clough, west of Great Bent Dyke, which gravitates into 
Ramsden Reservoirs only, is a similar stream to the others, but some 
valuable springs issue into the westerly side of it. Consequently the 
dry weather flow of this stream is greater than that of the other two. 

There is a watercourse which connects Great Bent Dyke with 
Netherley Clough and Ramsden Compensation Reservoir. During floods 
the water from Great Bent Dyke is prevented from entering Yateholme 
Reservoir, and is directed into this watercourse by means of an ingenioas 
floodgate arrangement which works automatically. 

A somev^hat similar arrangement exists in connexion with Ramsden 
Clough. During fair weather the water in Ramsden Clough passes 
along through a tunnel watercourse into Yateholme Reservoir. In 
flood time the water is turned down the natural course of the stream to 
Riding Wood Compensation Reservoir. This is effected by means of an 
automatically working floodgate arrangement situated in the Ramsden 
Valley. 

All the main streams and subsidiary feeders and springs in the 
Ramsden Valley behw the level of Yateholme Reservoir are collected at 
one point by iron conduits and regulated by penstocks and sluice valves, 
in order to intercept the fair weather flow which would not otherwise 
gravitate into Yateholme Reservoir. This^ water is then taken direct 
to Batley, instead of allowing it to run into the compenpation resei*yoirs. 
By this arrangement the water in Yateholme Reservoir can alwavs (if 
desired) be kept at a high level without any flood water ever being 
admitted into it. 

In conclusion, it is to be noted that Batley is supplied with water from 
Yateholme Reservoir, and the fair-weather flow from the lower part of 
Ramsden Clough, and that Yateholme Reservoir is supplied with spring 
water and tho fair-weather flow from Great Bent Dyke and the upper 
part of Ramsden Clough. 



BATLEY CORPORATION WATERWORKS. 
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The followiog notes on Batley Corporation- Waterworks are of 
interest :— 

Rainfall j^^^^^ 

Average yearly rainfall in Batley • • -23*87 

„ jy ff on gathering groond •• • 58*43 

(For 10 years, 1885 to 1895). 
Bain-gsuge in Batley, 492 feet above sea; at gathering ground, 
861 * 333 feet above sea level. 





Capacity^ S^c.^ of Reservoirs^ 




Name. 




Capacity. 


Depth. 


Area. 


Yateholme Keservoir 
Hiding Wood „ 
Bamsden „ 


- 


Gallons. 
90,000,000 
64,7PO,000 
86,773,000 


Ft. in. 
88 8 
59 
67 9 


Acres. 
16 
10 
12 



Drainage Area, 



Yateholme 
Riding Wood 
BaniEden 



Acres. 
• 322 

- 683 

- 692 



Kote that the drainage area to Biding Wood is ntilised for Yateholme 
by the tunnel. 

Consumption of Water, 

Domestic purp03es, 12 gallons per head per diem. 

Trade purposes, 27 gallons per head per diem. 

The population of Batley is 30,000, therefore the total daily con 
sumption in the borough is 1,170,000 gallons a day. 

Note that in addition to this consumption 1,121,400 gallons are eacb 
working day delivered into the rivers as compensation. 

Daily, rainfall from 25th May to 2bth June 1895, o» Gathering 

Ground. 



1895. 




llainfall. 


1895. 


. Bainfall. 


^ 




Inches. 






Inches. 


May 25th- 


- 


— 


Jane 11th " 


m 


— 


„ 26th - 


- 


•1 


„ 12th 


. 


— 


„ 27th- 


. 


— 


„ 18th - 


. 


— 


», 28th - - . 


. 


-^ 


„ 14th . . 


m 


.^ 


„ 29th- - - 


- 


~— 


„ 15th - 


. 


_ 


„ SOtk - 


M 


•1 


„ 16th 


. 


— 


„ 8l8t - 


- 


— 


„ 17th - 


. 


— 


June Ist - 


. 


— 


„ 18th 


_ 


— . 


„ 2nd - 


. 


•9 


„ 19th - 


. 


^— 


„ 8rd - 


- 


— 


„ 20th 


. 




„ 4th - 


- 


— 


„ 2l8t - 


. 


-^ 


„ &th - 


. 


— 


„ 22nd 


. 


—^ 


^ 6th - 


. 


«— 


„ 23id - 


w 


^— 


„ 7th - 


- 


— 


., 24th 


- 


,— 


„ 8th - 


. 




„ 25th - 




—. 


9th - 










• 


„ ICth 


• 


— 


Total • 


• 


1-1 
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Note that from the 25th of May to. the 25th of June 1895 there was 
rain on three days only. 

■ 

Not^ on the Characters of the Gathering Ground, 

Th(B gathering ground is a moorland one, but it is- to be noted that 
peat is not abundant either superficially or in depth. 

Nearly the whole of the gathering ground is coTered with pasture 
grass, and the soil is only slightly peaty in character, and is thin and 
well drained. 
^ The rock underlying the surface soil is chiefly millstone grit. 

The slopes of the hills are such as to allow of very rapid surface 
drainage, and it appears that there are no areas such as exist on most 
moorland gathering grounds, where the rain can stagnate in peaty or- 
boggy or marshy places. 

There is a considerable amount of spring water besides the water 
derived from mere surface drainage. 

In conclusion, it is to be noted that the characters of the gathering 
ground are remarkably good as regards the comparative absence of peat 
and peaty water. 

Conditions found to exist on the Gathering Ground on 
' June 25thj 1895. 

The daily rainfall previous to June 25th, 1895, is given in an 
accompanying table. It is to be noted that the rainfall was much, 
below the average, and in consequence the streams on the gathering 
ground contained chiefly spring water, and very little surface water. 
The reaction of the various waters was tested with an alcoholic solution 
of lacmoid. 

Bamsden Clough was tested at its entrance into Yateholme Reser- 
voir, and also at several points along its course in Bamsden Valley. 
The water was neutral, and the water in Great Bent Dyke and tlie 
spring water had a similar reaction. Yateholme Beservoir water was- 
tested in several places, and found to be very faintly acid. Netherley 
Clough, and Biding Wood, and Bamsden waters all contained nentzid 
water. 

Samples of water were collected for more detailed examination from 
Yateholme Beservoir, Bamsden Clough, and the spring water.. Later a 
sample of Batley main water was obtained. The results of the chemical 
examination of these waters is given in an accompanying table. Briefly, 
the results showed that Bamsden Clough and the spring water were 
neutral in reaction, and free from plumbo-solvent ability. Yateholme 
Beservoir water and Batley main water showed traces of acidity and 
plumbo-solvent ability. Another sample of Yateholme Beservoir water 
was obtained on December 20th, 1895, and on examination yielded 
results similar to the above. 

Remarhs on the Results yielded by t/te Chemical Examination of the 
Waters in reference to the observed Characters of the Gathering 
Ground. 

It is to be noted that Bamsden Clough and Great Bent Dyke ware 
neutral on June 25th, 1895. Possibly during heavy floods, these waters 
may contain sufficient peaty water to acquire an acid reaction, although 
the ingenious arrangement by which storm water is automatically 
diverted from the waterworks would prevent fouling of Yateholme 
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Beservoir. The very faint acidity of Yateholme Beservoir may possibly 
be due to Kamsdea Clougb and Great Dent Dyke containing traces of 
acid daring tbe beginning and end of storms, when the rash of water 
would be insufficient to close the flood gates. 

It is of interest to note that the condition of the water as regards 
freedom from acidity and action on lead is quite in accordance with 
the observed characters of the gathering ground. Thus it has been re- 
peatedly observed in the case of moorland gathering grounds that, on the 
one hand, when peat is abundant superficially and in depth, and the 
rain can stagnate in the soil, the qoality of the water as regards acidity 
and plumbo-solvent ability is unsatisfactory, and that, on the other 
hand, where — ^as in this particular instance — the peat is comparatively 
scarce, and the drainage from the soil good, the quality of the water is 
usually above suspicion. 

"Batlry Corporation Waterworks. 
Table 6. — Chemical Results. 



o 
B 

M 

H 



Beaeription of the Sample 
ofWfttep. 



I 



Reaction 

with 
Lacmoid. 



Acfdity 

in Terms 

of CO. 

^NmCO, 

required to 

neatraliae 

100 O.C. of 

the Water. 



Hardness 
(CaCOs. 

I^utsper 
100,000). 



Action on Lead (Parts per 100.000) . The 

action on Lead was tested bv upward 
filtration through 50 c.c. washed Lmd Shot 
at the rate of 3 mins. per 60 e.c. 



1st 
50 0.0. 



2nd 
50C.C. 



Srd 
50 0.0. 



4th 
60 ox. 



6th 
60 CO. 



ATerage. 



1 
2 
3 

4 

5 



Yalehofane Reservoir, water, 
Jnae 26th, 1885. 

Ramsden Clough water, June 
26kh. 1885. 

Spring water to Yateholme 
Resenroir, June 26th* 1885. 

Batley main water, June 28th 
1885. 

Yateholme Reservoir water, 
December 20th, 1885. 

Ramsden Clough water. 
Water collected after 
heavy rains sucoeedinK 
drought, July Slst^ 1886. 

Great Bent Dyke water. 
Water collected after 
heavy rains succeeding 
drought, July 81st, 1885. 



f Faint 
trace 
acid. 

Neutral 



Neutral 



?Pahit 
trace 
acid. 

P Fault 
trace 
acid. 

Neutral 



Neutral 



f Faint 
trace acid. 


S'86 




Neutral 


8*6 


0-0 


Neutral 


6*86 


0-0 


? Faint 
trace acid. 


8-22 




P Faint 
trace acid. 


— 




Neutral 


3*6 


O'O 


Neutral 


3-1 





f Faint traces. 



O'O 



0-0 



00 



O'O 



O'O 



0-0 



? Faint traces. 



00 



Traces. 



0*0 i O'O 



P Very faint traces. 



O'O 



O'O 



O'O 



O'OO 



oca 



O'OO 



Samples of storm water from Ramsden Clough and Great Bent Dyke 
were obtained on December 30tb, 1896, and they were examined for 
acidity and plumbo-solvent ability. The great turbidity of the water 
made it impossible to determine accurately the amount of the acidity 
and action on lead. Both waters were, however, unquestionably acid 
and possessed of plumbo-solvent ability, and Qreat.Bent Dyke water 
was considerablylhe worSt of the two. 
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Survey No. 8. 

BLACKBURN CORPORATION WATERWORKS. 

Source of the Water Supply and Genbrax. Description of 

THE Waterworks. 

The supply is obtained from moorlftnd about 20 miles from !Kackbam, 
in the Brenoand and Whitendale Yallejs. The water withdrawn for 
waterworks purposes from the above gathering grounds is received, in 
each instance, into a screen chamber situated some 775 fbet above sea 
level. The screens contain 576 meshes to the square inch. The water 
after passing, in each instance, through the screening chamber is carried 
by a 30-inch cast-iron pipe from the chamber to Footholme. At 
Footholme, the Brennand and Whitendale waters unite, and are carried 
in a single 30-inch main (Bowland main) to three service reservoirs. 
Additional screening arrangements exist in connexion with each service 
reservoir. The water is delivered to the town without filtration. 

More in detail, the arrangements for collecting water are as follows :-« 

Water from Brennand river is carried in a conduit to Brennand 
screen chamber, which receives also, by a separate conduit, water from 
certain small moorland tributary feeders known as Far Pasture, Well 
Spring, and Folds Clough. 

The water from Whitendale river is carried, together with the water 
from some small subsidiary feeders, into the Whitendale screen chamber. 
In addition, the 30-inch cast-iron pipe conveying the water from this 
chaqiber to the Bowland main i^eceives on its way the water from three 
small moorland streams^ called Stony Clough, Costy Clough, and Little 
Costy Clough. 

At the intake from each tributary stream there is a collecting pond 
having a rough stone filter at its upper end, through ^hich all the water 
passes before reaching the conduit. 

Storm water is prevented from entering the conduits by means of 
** leap " weirs. These are mechanical contrivanoiss which permit the 
dry-weather flow or clear wu(er to drop through an opening leading to 
the conduit, but which prevents flood water from so entering into the 
water supply, owing to the great velocity and volume of the storm 
water carrying it oyer and beyond the opening leading to the conduit 
and onwards into the stream to serve as '^ compensation " water. 

There are, at present, no catchment reservoirs on the gathering 
ground. It is proposed, however, to construct two reservoirs, one in 
the Brennand Valley, on the course of the Brennand river, another in 
the Whitendale Valley, on the course of the Whitendale river, at heights 
of 775 and 675 feet above sea level respectively. 

The following notes on Blackburn Oorporotion Waterworks are of 
interest :— 

Rainfall. 

Average yearly rainfall in Blackburn - - 38 inches 

„ „ „ on gathering ground - 59 „ 

Capacity of Blackburn Service Eeservairt, 

Audley Reservoir - - 13,000,000 gallons. 

Fishmoor „ - - - - 310,000,000 „ 

Guide „ ... 87,000,000 „ 



BLACKBURN CORPORATION WATERWORKS. 
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Tap Water Levels of Blackburn Service Betervain, 

Audley Eeservoir - . - 592 feet above sea level. 

Fisbmoor „ . - 600 

Guide „ - - 642 
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Delivery of 30-inch Botoland Main, 



luto Audley • Reservoir « 
Eisbmoor 






Guide 
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- 6,900,000 gallons per day. 
. 6,400,000 

- 4,800,000 
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ComumpHon of fFater in Blackburn^ 
3| million gallons per day. 



Drainage Area, 



Brennand system 
Wbitendale „ 



• 2,300 acres. 
. 3,050 „ 



JFeekly Rainfall and Yield, of Water. 



^VT \ n* 


.- A>_- 

^ ' ^ Batn!ah (Inches). 


Yield of Water 


Week ending 


Brennand, 


[ Wbitendale. 


(GaUons). 


Febniary 14th, 1896 

„ 2l8t „ 

„ 28tfi „ 
March 6th, 1896 - 
„ 18th „ 


1-90 
0*56 
1-05 
4*46 
8*26 


1*44 

0*49 
0*85 
4-84 
8*54 


141,754,000 

71,162,000 

79,788,000 

493,536,000 

350,460,000 


Totals - 


11*23 


10-66 


1,136,700,000 



Notes on the Characters of the Gathering Ground, 

I 

Tbe gatbering ground is composed of moorland. The larger portion 
is grassy moorland, only a small portion peat bog. The surface soil 
over most of the gatbering ground is peaty in character, but except in a 
few places its depth is not great. Its depth is least on the precipitous 
slopes of the bills, and greatest on the upper and flatter portions of the 
gathering ground. Tbe vegetation is chiefly coarse, actively growing, 
grass, but there is also heather in places where there exists decaying 
vegetable matter and boggy land. 

The more or less peaty surface soil rests on grit or shale, which, 
immediately underneath' the surface soilfia disintegrated and sandy in 
character. In storm time large quantities of sand and debris are washed 
down as well as peaty matter. Especially is this tbe case on the 
precipitous slopes of tbe hills, as the fall of the water is greatest thete, 
and the covering soil thin and in many places deficient. 
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Generally speaking, the slopes of the hills are precipitous and the 
covering soil thin, so that the fall of the water is rapid, and there is little 
stagnation of water in the soil. " 

The proportion of spring water to "surface drainage water is difficult 
to judge of on moorland gathering grounds. In this instance, and in 
ordinary conditions of rainfall, a considerable amount of the total yield 
of water appears to have passed through the soil, and to have become 
more or less altered by its passage through or over the underlying rock. 
No doubt in storm time the conditions are altered, and the bulk of the 
water is obtained from surface drainage. As- has been already stated, 
however, this water does not pasr to the waterworks. 

The water in most of the feeders runs on rocky and sandy beds, not 
on clay bottoms. 

The distance the water runs in the streams and in the conduits before 
reaching the screening chambers is considerable. 



Conditions found to exist on the Gathering Ground on March 

I3th, 1896. 

The conditions found to exist cm March 13th, 1896, probably repre* 
Dent fairly well the iiDrmal, as regards the 'nmount of water in the 
feeders and the degree of moisture in the soil. The weekly rainfall and 
yield of water, from February 14th to March 13th inclusive, are given in 
an accompanying table. 



Blackburn Cobpobation Watebwobks. 

BOWLAND GatHBBTNO GrOUND. 



Weekly Rainfall and Yield of Water, 


\V eek ending 


Bainfall (inches). 


Yield of Water 


Brennand. 


Whitendale. 


(Gallons). 


February Uth, 1896 - 


1*90 


1-44 


141,754,000 


„ 2l8t „ 


0-56 


0-49 


71,162,000 


„ 28th „ . 


1-05 


0*85 


79,788,000 


March 6th, 1896 - - - 


4*46 


4*34 


493,536,000 


., 13th „ 


8*26 


3-54 


350,460,000 



The reaction of the various waters was tested with an alcoholic 
flolation of lacmoid, which is a very delicate test for acidity in the case 
of moorland waters. 

Brennand System* — The water in the conduit from the Eiver 
Brennand was neutral in reaction; the water entering the screen- 
chamber from the conduit serving the tributaries was either neutral or 
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onlj very feebly acid. As lo the streams tbemselveSy Far Pasture, Olough, 
Folds Oloughy and Brennand river were all neutral, but Well Spring 
Clough had a faintly acid reaction, while a small peat feeder into Well 
Spring Clough was distinctly acid. After passing the screen the water 
was practically neutral, although it was open to question whether it 
contained traces of acid or not. 

Whitendale System. — The water in Whitendale river, and in the 
conduit from the Whitendale river, and the water in the screen 
chamber, was either neutral or contained only the faintest possible trace 
of acid. Stony Clough stream was distinctly acid ; it appeared to drain 
a more peaty area, and possibly an area where there was exceptional 
opportunity for stagnation of the rain in the soil. It was founds how- 
ever, that the acidity of this feeder was not sufficient to alter the 
reaction of the body of water from the Whitendale system. Costy 
Clough and Little Costy Clough streams were neutral in reaction. 

It may here be stated, that experiments show that when a water does 
not give a distinctly acid reaction with lacmoid, it will not dissolve lead, 
to any appreciable extent, under laboratory conditions of experiment. 
The water therefore from the Brennand and Whitendale systems, under 
ordinary circumstances, may be regarded as neutral, and free from 
plumbo-solvent ability. 

Between the Brennand and Whitendale Valleys an area was found 
where the rain saturated a somewhat deeper peaty soil. The vegetation 
was bare in places, and here and there heather grew, but for the most 
part the surface was covered with moss and the long coarse grass which 
is so frequently found in marshy nlaces. llie water lying in several 
small marshy pools here was testea and found to be acid in reaction. 

None of the water from this area reaches the water supply. 

Samples of water were obtained for detailed examination from the 
Brennand and Whitendale screen chambers, a small peat feeder to Well 
Spring Clough, and Stony Clough. Later, a sample of the water as 
supplied to Blackburn was also examined. The results of the examina- 
tion of these waters is shown in an accompanying table. Briefly, the 
analysis of these waters showed that the sample of Blackburn water was 
neutral and free from plumbo-solvent ability, and that the water from 
the Brennand and Whitendale systems was practically neutral and did 
not dissolve lead to any appreciable extent. The water from Stony 
Clough and a little peat feeder to Well Spring Clough was distinctly 
acid, and dissolved lead to a considerable extent. 

Eemarki on the .Results yielded by the Chemical Examination in 
reference to the observed Characters of the Gathering Ground. 

It is to be noted that Blackburn is supplied with a moorland water 
which — judging from the above experiments — is practically neutral and 
free from plumbo-solvent ability. Since moorland waters have come to 
be associated with acidity and plumbo-solvent ability, it is important to 
know why this water differs from other, and apparently similar, waters 
in this important respect. In this connexion the following points 
especially deserve consideration — 

The exclusion of storm water by means of " leap " weirs, the pro- 
▼isionof ^* wreck" lodges with stone filters at their upper ends, the 
screening arrangements, the flow of water for considerable distances 
along rocky and sandy beds, the precipitous slopes allowing of a rapid 
flow of water and efficient drainage of the soil, the comparative absence 
of peaty and boggy land, the shallowness of the peat beds, the active 
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growth of vegetation and the small proportion of peaty water to spring 
water or water not peaty in character — all these here tend to prevent the 
water acquiring an acid reaction. 

The exclusion of ** storm " water is important, because heavy rain 
washes out of the soil snbstances (formed since the previous flood) which, 
when derived from peat, appenr to give to moorland waters their 
acidity and plumbo-solvent ability. The provision of ** wreck" lodges 
having rough stone filters at their upper ends, and of screen chambers, 
prevent the grosser forms of impurities, e,g,^ peaty matters, from entering 
the water supply. The flow of the water for considerable distances 
along rocky and sandy beds is believed to be beneficial as tending to 
neutralise any acids contained in the water. It has been observed in the 
ease of moorland waters that when a reservoir leaks, the water, if acid, 
within the reservoir becomes usually neutralised after its passage 
through the rock. In this connexion it is noteworthy that in fiood time 
a large amount of disintegrated rock is washed into the feeders. This 
rock underlies the peat, and in many places breaks through to the surface 
where the soil covering is deficient. Again, the mere delay of a water 
on its course appears to be salutary, as experiments show that keeping 
an acid water for some time exposed to the air tends to diminish slightly 
its acidity. The precipitous slopes, allowing of a rapid flow of water 
and efficient drainage of the soil, cannot but be beneficial, because 
stagnation of the water in the peaty soil is thereiby prevented, the decay 
of vegetation is restrained, and the active growth of grass is encouraged. 

The comparative absence on the gathering ground of peaty and boggy 
land is very important, because experience has shown that the water 
derived from such areas is apt to be very acid and to dissolve lead. The 
shallowness of the peat beds limits the mischief done by peat in con- 
nexion with the water supply. On some gathering grounds, the peat 
beds not only cover large areas, but attain a thickness of 10 to 20 feet. 

The active growth of vegetation usually indicates tliat the soil is well 
drained, and that it is only partially peaty in character. The active 
growth of grass binds the soil together, and it has been repeatedly 
noticed that water draining from such areas is usually neutral and frefv 
from plumbo-solvent ability, while water dituning from adjacent areas 
jnot covered with grass, but with heather, or, it may be, destitute of any 
growing vegetation^ is often acid^ and dissolves lead to a considerabte 
extent. 

The femall proportion of peafy water to spring water or lo water 
not peaty in character means that the water derived from poet drain- 
age is small in quantity as compared with the water obtained from 
spring, or from the drainage of land not essentially peaty, or from the 
m'ainage of peat land, which by percolation or otherwise has lost its 
characters as a peatv water. 

Of the samples of water examined for acidity and plumbo-eolvency, 
it is to be noted that only two, viz., Stony Clough and the water from a 
small peat feeder to Well Spring Clough, showed any appreciable acidity 
and plumbo-solvent ability. So far as could be ascertained these two 
waters contained more peaty water than the other feeders. It is possible 
that in storm time the bulk of peaty water might be increased sufficiently 
to alter the reaction of many of the feeders which were found to be 
neutral under ordinary conditions of rainfall, but, as has been already 
stated, the storm water is excluded from the water supply. 
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Blackburn Corporation Waterworks. 
Table 6. — ChetiUcal and Bacteriological Results. 



Acidity. 



8 






Description of the Sample 
of Water. 



Reaction 

with 
Lacmoid. 



In terms 
of 
oc. Na^COs 
required to 
neutralise 
lOOcc. of 
the Water. 



Action on Lead (Results stated as Parts 
per 100,000). The action on Lead was ttsted I Number 
oy means of upward filtration through 50 c.c. of 



washed Lead Shot at the rate of 3 mins. 
per 50 C.C. 



1st 
50C.C. 



2nd I 3rd 
&0 C.C. , 50 C.C. 

I 



4th 
50 CC. 



5th 
50 c.c. 



Micro- 
organisms 
in 1 CC. 
of the 
Water. 



Average. 



March 18th, 1S96. Water 
firom the Whitendale screen 
chamber after screening. 

2 March ISth, 189S. Water 
from the Brennand screen 
cfaamher after screening. 



Maxtsh 13th. 1896. Water 
from small peat feeder to 
Well Spring Clougb. 

March 13th. 1896. Water from 
Stony Clough. Whitendale 
^Tstem. 

June 26th. 1896. Water from 
Blackburn main. 



ftrace 
acid. 



f trace 
add. 



Acid 



Acid 



Neutral 



? trace acid 



? trace acid 



O'H 



0-80 



Neutral 



? trace 



f trace 



? trace 



P trace ? trace ? trace 



0-1 



0-1 



0-2 



0*2 



0*0 O'O 



0*3 



0'2 



0-0 



? trace 



? trace 



0-3 



0-2 



O'O 



? trace ? trace 



? trace ? trace 



0*3 0*24 



0*3 ! 0*20 



0*0 0*0 



860 



270 



H 2 
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Survey No, 7. 

BOLTON CORPORATION WATERWORKS. 

Source of the Water Supply and General Description op the 

Waterworks. 

The supply is obtained from moorland gathering ground at Entwistle, 
Springs, and High Rid about 7, 4, and 3 miles from Boltonj'espectivelj. 

Enitoistle St/stem, — The gathering ground is composed of moorland. 
Cadsbaw Brook is the chief source of supply, and it, together with some 
smaller mountain streams, enters Entwistle Reservoir. These streams 
drain a very large area of moorland. No arrangement exists for the 
exclusion of storm water, but the water afler leaving Entwistle Reservoir 
is filtered through sand and gravel at Sweetloves, from whence it enters 
the distribution pipes. 

Springs System. — There are two reservoirs (Springs and Dingle) on 
this moorland gathering ground. A large mountain stream enters the 
upper (Springs) of these two reservoirs, and this practically is the only 
source of supply. The water from Springs Reservoir passses into the 
lower (Dingle) reservoir. The water from Dingle Reservoir can be 
filtered but usually it is carrried into consumption without any filtration. 
There is no arrangement for excluding storm water from this system of 
water supply. The water is conveyed from the Dingle Reservoir in a 
24-inch stone culvert to the Sweetloves Service Reservoir. 

High Rid Sr/stem. --This gathering ground can hardly be described 
as a moorland one, since the chief source of supply is from springs which 
are piped into a common channel which discbarges into High Rid 
Reservoir. The water is conveyed from the High Rid Reservoir in a 
3-foot stone culvert to the 61ter beds (sand and gravel) at Heaton, from 
whence it enters the distribution pipes. 

The following notes on Bolton Corporation Waterworks are of 
interest : — 



Rainfall. 

Yearly rainfall in Bolton (average of 9 years) - 
„ „ on Entwistle gathering ground (average 

of 28 years) ----- 

Yearly rainfall on springs (average of 53 vears) 
„ „ on High Rid (average of 37 years) - 



Inches. 
39 05 

53 10 
56-82 
42-12 



Capacity, ^c. of Reservoirs. 






Capacity. 


Top Water Level. 


Depth. 


Area. 


Entwistle 


625,000,000 


690-35 above CD. 


Ft. 
100 


Acres. 
94 


Springs 


134,000,000 


757-56 „ 


48 


24} 


Bigh Uld - 


130,000,000 


578-50 


84 


25^ 



BOLTON CORPORATION WATERWORKS. 
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jr 
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Consumption of Water. 

For the first nine months of 1896 the average consumption of water 
was 5,587,191 gallons per day. 



Drainage Areas. 



Entwistle 
Springs 
High Kid 



Total 



Acres. 

- 2,118 

525 
523 

- 3,166 



Daily Rainfall, February 16/A to March 16/A {inclusive) 1896. 





Belmont 


High 


Ent- 




Belmont 


High 


Ent- 




(Springs). 


Rid. 


wifetle. 




(Springs). 


Hid. 


wistle. 


1896. 








1896. 








Feb. 16 - 


— 


— 


-^ 


Mar. 2 - 


0-13 


0-09 


0-05 


« 17 . 


— 


— 


-^ 


„ 3 - 


.0-35 


0-22 


0-34 


« 18 - 


— 


— 


— 


» 4 - 


014 


0-23 


014 


„ 19 - 


— 


004 


0-03 


„ 5 - 


0-30 


0'14 


0'3I 


„ 20 - 


0-4 


— 


0-04 


., 6 - 


0-2S 


0-21 


0-30 


« 21 - 


0*26 


0-25 


0-25 


„ 7 - 


0-27 


0-20 


0-31 


„ 22 - 


0-18 


0-19 


0-12 


,. 8 - 


1*18 


0-88 


1-03 


« 23 - 




— 




,, 9 .- 


0-17 


0'06 


004 


» 24 - 


— 


— 


— 


.• „ 10 - 


0-04 


007 


005 


„ 25 . 


— 


•^ 


— ^ 


:» U - 


0-40 


0-31 


0-32 


,, 26 - 




— 


* ^^M 


,, 12 - 


0-24 


0-15 


0-11 


„ 27 - 


— 


— 


•— 


„ 13 - 


o-oi 


0-03 


003 


„ 28 - 


0-23 


0-18 


0-20 


» 14 - 


0-95 


0-56 


0-66 


„ 29 - 


0-42 


0-51 


0-86 


„ 15 - 


O'Ol 


0-01 


003 


Mar. 1 - 


1-32 


018 


1-38 


„ 16 - 


0-63 


0-52 


0-57 



Notes on the Characters of the GatJiering Grounds. 

Entwistle Gathering Ground, — This is a moorland gathering ground, 
bnt peat is not very abundant, either superficially or in depth, except on 
the higher and flatter portions of the drainage area. The vegetation i» 
chiefly coarse pasture grass, but in many places heather and moss grow. 
There is not a great amount of spring water, the main source of supply 
being from surface drainage. The surface water is not exceptionally 
peaty under ordinary conditions of rainfnll, but in storm time a large 
amount of peaty water enters the supply. The drainage from the soil is 
rapid, but on some portions of the gathering ground the rain stagnates to 
a certain extent in peaty land. The surface soil rests on millstone grit. 

Springs Gathering Ground. — This gathering ground is much more 
peaty than the above. There is less grass and more heather and moss. 
Areas exist where the rain stagnates in peat. The soil is not so well 
drained on this gathering ground as in the case of Entwistle, and there 
is less spring water, and the water derived from surface drainage is 
more peaty. 

The surface soil rests on millstone grit. 

Jligh Mid Gathering Ground. — The gathering ground of thi.s 
system of water supply differs in a marked manner from the ones 
already described. Nearly the whole of it is covered with grass, and 
the soil fifenet*ally is only slightly peaty in character. There are no 
moorluud streams, the supply being obtained* from springs. The water 
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is piped into a common channel, which discharges into High Rid 
Reservoir. 

The surface soil rests on millstone grit. 

Conditioiis found to exist on the Gathering Chround on March 16^A, 

1896. 

The daily rainfall from February 16th to March 16th is given in 
an accompanying table. It is to be noted that the rainfall for March 
14 til and 16th was considerably above the average, and that on the date 
of visit (March 16th) the streams were found to be running fuller than 
normal. 

Lacmoid was used as usual to test the reaction of the various waters. 

Entwistle System, — The water in Entwistle Reservoir was tested at 
various points, and appeared to contain only traces of acid. Owing to 
the wind and rain the water was much discoloured — the clay from the 
bed of reservoir being apparently the cause of the turbidity. Cadshaw 
Brook, the main source of the water-supply, was distinctly acid in 
reaction. Another and smaller stream entering the reservoir near 
CJadshaw Brook was neutral. Two small streams draining peaty land 
on one side of the reservoir were acid. All these streams were runnin*^ 
fuller than normal. 

Springs System, — The water in Springs and Dingle Reservoirs was 
distinctly acid in reaction, as was also the peaty water in the moorland 
stream, which is the only source of supply to this system. 

High Rid System — .The water in High Rid Reservoir was neutral. 
The spring water which supplies this reservoir was also neutral in 
reaction. 

Samples of water were collected for more detailed examination from 
Entwistle Reservoir, the spring water to High Rid Reservoir, Cadshaw 
Brook, and Springs Reservoir. Briefly, the chemical analyses gave the 
following results. The spring water was neutral and free from plumbo- 
solvent ability, Entwistle Reservoir water contained trace of acid and 
dissolved lead to an inconsiderable extent, Cadshaw Brook was acid and 
acted appreciably on lead, and the water from Springs Reservoir was 
distinctly acid and had a considerable plumbo-solvent ability. The 
bacteriological results were of interest. The most acid water (Springs 
Reservoir) contained fewest germs, and Cadshaw Brook contained fewer 
germs than Entwistle Reservoir, although the former was a distinctly 
acid water and the latter practically neutral. The neutral spring water 
contained so many germs that their estimation was not undertaken. 
Possibly in this latter case some surface water from cultivated land may 
enter the supply. It was noticed during the bacteriological investi- 
gation of the Boniham Water Supply that the acid peat pools contained 
fewer germs than the brooks into which they drained, the brooks 
containing a mixture (neutral) of spring and peaty water. 

.Remarks on the Results yielded by the Chemical Examination of the 
Waters in reference to the Observed Characters of the Gathering 
Ground. 

Entwistle System, — The two small streams entering the side of 
Entwistle Reservoir, which w^ere found to be acid in reaction, drain laud 
unmistakably peaty in character. Cadshaw Brook, which was acid and 
dissolved lead to an appreciable extent, drains land which in parts is 
decidedly peaty, where the rain stagnates in the soil. The small 
neutral raoorland stream entering the reservoir near Cadshaw Brook 
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is said to drain land where there is less peat, better drainage of the 
soil, and possibly more spring water. 

The nearly neutral condition of Entwistle Reservoir may be accounted 
for in the following way. The bed of the reservoir is composed largely 
of clay and sand, and during storms the water becomes very turbid in 
consequence. Possibly this may have some neutralising effect. It is 
not improbable that Cadshaw Brook is neutral under ordinary conditions 
of rainfall. The small neutral stream (above alluded to) may supply 
the reservoir with water which has an acid^ neutralising ability. 

Springs Systems. — ^As has been already shown, Springs and Dingle 
Reservoir contain acid water, and practically their only source of supply 
is from a moorland stream, which is also acid. The acidity of this 
stream appears to be traceable to the peaty character of the soil covering 
the drainage area. Not only is the soil exceptionally peaty, but the 
drainage therefrom is not very rapid and the conditions are such that 
the rain can stagnate in peaty and mossy beds and in marshy places. 
Moreover, there does not seem to be much spring water in this supply. 

High Rid System, — The neutral condition of High Rid Reservoir is 
to be accounted for by the fact that there is very little surface water 
— and what there is, is not distinctly peaty — gaining access to the 
reservoir, the main source of supply being from hillside springs which 
are piped together, and enter the reservoir by a closed and " common " 
channel. 

In conclusion, it is to be noted that the quality, as regards acidity an 
plum bo-sol vent ability of the water in Entwistle and Springs Reservoirs, 
might in all probability be improved by some arrangement for excluding 
storm water from the supply. 

Bolton Corporation Watebworks. 
Table 7. — Chemical and Bacteriological Results. 



t 


1 
1 


Acidity. 


Action on Lead (Results stated as 


Parts 


1 


Dewription of 
^ ' the Sample of 
1 Water. 


Reaction 

with 
Laemoid. 


In Terms 

of C.C. 

"o XasCO, 

required o 
neutralise 
100 C.C. of 
the Water. 


IH r 1 (M).()00) . The action on Lead was tented 

by upward filtration through 50 c.c. 

washed Lead Shot at the rate of S niiiis. 

per 60 c.c. 


Number of 

Micro-Organisma 

in 1 c.c. of the 

Water. 


si 


1st i 2nd 
50 c.c. 50 c.c. 


Srd 
60e.c. 


4th 
60C.C. 


5th 
50 C.C. 


Average. 




1 Entwiatle Reservoir 
{ wfttei, 3Iarch 17th, 
S 1896. 


? Trace 
acid. 


1* Trace 
acid. 


1 


? T 


■aces 






2610 


.' 


"Conjoint" spring 
water, main supply 
to Hiffh Rid Reser- 
voir, March 17th, 1896. 


Xcutral 


Neutral 


0-0 0-0 

1 
1 


•0 


CO 


0-0 


0-co 


The colonies were 
too numerous, 
and the lique< 
(action of tbo 
ITf'Iatin too 
great, to nl.ow 
of accurate 
counting. 


li ' Giid:ihaw Brook, main 
1 supply sirfum to 
' Entwistle Eeservoii-, 
1 March 17th. 1806. 


Acid 


0-86 


0-1 0*1 


0-2 


0-2 


0-4 


0-20 


902 


i 


Sprinira Reservoir 
wat«»r, March 17th, 
1S96. 


i Acid 

1 


0-48 


0-1 0*2 

1 

1 


0*3 


0-4 


0-4 

1 


0'2r. 


60 



1 
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Survey No. 8. 

BRADFORD CORPORATION WATERWORKS. 

Source of the Water Supply and General Description of 

THE Waterworks. 

The water supply of the Bradford Corporation is^ with the exception 
of the Manj wells supply, which is spring water, derived from high 
moorland, and is given bj two separate services, known as the high level 
and low level services respectively. 

High Level Supply. — The high level sources of supply lie about 
10 miles west of Bradford, in the valleys of the Denholme Beck and the 
River Worth, both tributaries of the River Aine. The principal streams 
taken are : Stubden Beck and Foreside Beck in the Denholme Valley, and 
Bond Clough, Ray Clough, Greeuholes Cloush, Hardnese Clough, Dup 
Dyke, Paul Clough, Sun Hill Clough, Nan Scar Beck, Holden Clough, 
Harden Clough, Stoney Hill Clough, and Foster Dyke, in the valley of 
the River Worth. There are two reservoirs on the gatheriug ground — 
Thornton Moor and Stubden. 

Thornton Moor Reservoir, — This reservoir is situated at a height of 
1,241 feet above sea level. An embankment extends along the north- 
west, north-east, and south-east sides of the reservoir. A number of 
iron pipes convey water from the surface drainage of peat into the 
south-west side of the reservoir. The waters of the doughs and becks 
in the Worth Valley are collected and carried to the reservoir in a large 
catchwater conduit which extends westwards for a distance of 3^ miles, 
and which also intercepts the water flowing in a northerly direction 
from off the Oxenhope Moors. The water from this conduit, before 
discharging into the western angle of the reservoir, receives water from 
Moss Spring and from a small catchwater. The water from Moss Spring 
is large in amount, but is in private hands, and only the surplus water is 
available for the Bradford supply. The water from the catchwater 
above alluded to is not great in amount, except in storm time. The 
water from Thornton Moor reservoir is treated with pure carbonate of 
lime — about three grains to the gallon — and is then filtered through sand 
and gravel. After leaving the filter beds the water is carried in an 
18- inch iron main to Brayshaw Reservoir, and from thence to near Bierley, 
where it joins the water from Stubden and Horton Bank Reservoirs. The 
mixed water is carried to Idle Hill Reservoir, to the high level zone of 
supply within the borough, and to many of the out townships. 

Provision exists for the exclusion of storm water from the 
waterworks. 

Stubden Reservoir. — This reservoir is situated at a height of 1 ,028 
feet above sea level, and is supplied with water from Stubden Beck and 
Fireside Beck and from a catchwater conduit which runs for a distance 
of 4 miles, and nearly parallel with Thornton Moor catchwater, and 
collects the water draining from the lower slopes of Oxenhope Moor. 
The water from Stubden Reservoir is not filtered, and is carried by an 
18-inch iron main to Horton Bank Reservoir, and joins the Thornton 
Moor water near Bierley. 

Storm water can be excluded from the waterworks. 

Loio Level Service. — The low level supply is obtained from Barden 
Moor, in the Wharfe Valley, 20 miles N.W. of Bradford. There is 
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also a supply from Burnsall and from Draughton Chdker Reservoir, but 
only the Barden supply will be described. 

Barden Supply, — There are two reservoirs on the collecting ground^ 
viz., Upper and Lower Barden, 

Upper Barden Reservoir. — ^This reservoir is situated at a height of 
1,170 feet above sea level, acd is supplied with water from Padmire 
Sike and Yethers Gill, which enter the reservoir at its S.W. and N.W. 
angles respectively. Along the north and south sides of the reservoir 
are bye-channels. The north bye-channel is connected with Yethers 
Gill and with a catchwater conduit which extends for over a mile in a 
northerly direction, and it receives also the drainage from moorland 
known as The Whams. The south bye-channel is connected with 
Padmire Sike, and with a catchwater conduit which extends for about 
half a mile in a southerly direction. The water from Upper Barden 
Reservoir flows down Barden Beck to the lower reservoir, receiving on 
its way water from Pitshaw Dyke, Kittlety Sike— two streams — and 
Cross Gill Dike. 

Lower Barden Reservoir, — ^This reservoir is situated at a height of 
697 feet above sea level, and is supplied with water from Barden Beck 
and from Far Long and Near Long Gills on its south-west side. There 
is a bye-channel on the south-west side of the reservoir. The water 
from Lower Barden is carried io a conduit to the Gilstead (liters, receiviug 
on its way the waters of nine streams or becks, and after passing 
through beds of sand and gravel at Gilstead, the water is conveyed in a 
conduit to Heaton Service Reservoir for distribution in the borough. 

Apart from filtration, the Barden water is not treated in any way. 

Storm water can be excluded from the waterworks by means of bye- 
channels and sloping weirs. 

The following notes on Bradford Corporation Waterworks are of 
interest : — 

Rainfall. 

Inches. 

Average yearly rainfall in Bradfall - - - 32*19 

„ „ ,, on Thornton Moor gathering 47' 19 

ground. 
„ „ „ on Barden gathering ground - 41*54 

Capacity y cj-c, of certain of the Storage tieservoirs. 



Resei'voir. 


Capacity. 


Depth. 


Area. 


Thorntou Moor 

Stubden 

Upper Barden 

Lower Bardeu - - - 


Gallons. 
175,000,000 

93,184,000 
464,687,000 
483,404,000 


Feet. 
27 
53 

62| 
60 


Acres. 
46A 
11 
53f 
56 



Consumption of Water, 
11 million gallons per day for borough and out towns for all purposes. 



Drainage Areas. 

Thornton Moor and Stubden drainage area 
Upper and Lower Barden drainage area 



Acres. 

2,700 
3,500 



no 



D.iily Rainfall on Thornton Moor Gathering Ground from May 
18M, 1895, to June 18M, 18)5 — inclusivs. 




May 


18- 


If 


19 


>» 


20- 


7» 


21 


tf 


22- 


>» 


23 


>> 


24- 


» 


25 


9> 


26- 


t» 


27 


»» 


28- 


>♦ 


29 


» 


30- 


it 


31 


June 1 - 


»> 


2 



Daily Rainfall on Bar den Gathering Chround from July 23rdy 

1895, to August 23 re?, 1895 — inclusive. 



Date. 


Inches. 


1 




Date. 




Inches. 


1895. 












1895. 






Julv 23 - 


- 


- 


0'27 




August 8 




012 


„ 24 - 


•ft 


- 


0-31 






9 


" 


0-07 


» 25- 


- 


- 


1-31 


i 

1 




10 




0*19 


„ 26 - 


- 


- 


0-57 




11 


. 


0-37 


„ 27- 


- 


- 


0-42 


1 
1 




12 


. 


0-16 


„ 28 - 


- 


«■ 


0-05 




13 


•• 


0-63 


» 29- 


- 


- 


0-01 


L 




14 


m 


0-08 


„ 30 - 


- 


- 


— 


1 




15 




0-02 


„ 31- 


- 


- 


— 


1 




16 




0-01 


Augast 1 


- 


- 


0-05 


t 




17 


- 


—^ 


» 2 


- 


- 


0-12 


I 




18 


- 


— 


» 3 


- 


- 


0-34 






19 


- 


— 


» 4 


- 


- 


0-08 






20 


- 


— 


» 5 


- 


- 


0-01 






21 


- 


o-oi 


r. 


■« 


«• 


0-05 


1 




22 


- 


— 


n 
II ^ 


^ 


~ 


m^ « 


't 

1 




23 


- 


0-22 



Notes on the Characters of the Gathering Grounds. 

High Level Supply. 

Thornton Moor Gathering Ground. — The gathering ground is 
entirely composed of moorland. The surface soil is very peatj, and the 
depth of the peat variee from one to six feet, or even more in some places. 
The land on the south-west side of the reservoir is exceptions llj peaty, 
and the rain falling on this portion of the gathering ground saturates the 
soil and stagnates, forming peat and bog holes and marshy places. Part 
of the water draining from this area is intercepted by a catchwater, and 
part is conducted into the reservoir by a series of iron pipes. The large 
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cat ch water CO uduit drains land very similiar in character to the above, but 
the slopes of the hills are more abrupt, the water is carried more rapidly 
intr> supply, the rain saturates the peat and stagnates therein to a less 
extent, and there is a considerable amount of spring water as well as of 
water derived from sui^face drainage. Moss Spring is a good example 
of a moorland spring supplying a large body of water. As has been 
explained, however, it is in private hands, and only the surplus water is 
available for supply. 

In conclusion, and speaking generally, the following points are to be 
noted. The vegetation is composed of heather and moss, and in some 
places of rough pasture grass. The geological formation is millstone 
grit. The dry weather flow is small in amount, the reservoir depending 
for its supply largely on surface drainage water from moorland such in 
pent. There is a considerable tendency on portions of the collecting 
ground for the rain to saturate peaty soil and to stagnate. After 
'^ treatment " and filtration, and as delivered to consumers, this water is 
clear, pure, and soft, and exceedingly suitable for the trade of Bradford. 

Stubden Gathering Ground, — This gathering ground differs in 
several important respects from the foregoing. The reservoir is supplied 
with water from a a catchwater conduit which drains the lower elopes of 
the Oxenhope moors. Here the hill.slopes are more abrupt ; there is much 
less peat ; the vegetation is composed chiefly of pasture grass ; the water 
drains more rapidly into supply ; and there is a considerable amount of 
spring water. Unquestionably the conditions are such that the Stubden 
gathering ground yields a less peaty water than the adjacent Thornton 
Moor collecting ground. 

Low Level Supply, 

Barden Gathering Ground. — The gathering ground is wholly 
moorland, and resembles in many respects the Thornton Moor gathering 
ground. The surface soil over most of the gathering ground is 
peat, but the peat beds thin out towards Lower Barden Reservoir, and 
it is only on the higher and flatter portions of the gathering ground 
that the depth of the peat is great. Over most of the gathering ground 
the slopes of the hills are steep and the drainage from the soil rapid. The 
amount of spring water is in excess of what is usually found on moorland 
collecting grounds, and in consequence the fair weather flow in the 
streams is above the average. The geological formation is Millstone 
grit. As regards the vegetation, heather and moss are abundant everj-- 
where on the collecting ground, and thei'c are ai-eas here and there 
covered with coarse pasture grass. These remarks refer to the drainage 
area generally. Particularising, the following points are to be noted. 
The northern portion of Upper Barden collecting ground is rich in peat, 
the drainage from the soil is not very rapid, the peaty water is largely in 
excess of the spring water, and areas exist where the rain lies stagnating 
in peaty and marshy places. The southern portion is much more 
satisfactory in these respects. As regards Lower Barden, it is to be noted 
that Pitshaw Dike, Kittlety Sike, Gross Gill Dike, and Far Long, and 
Near Long Gills, all drain land which although peaty, possesses the 
following redeeming features. The peat beds are thin, the drainage from 
the soil is rapid, the hill slopes are abrupt, there is a large amount of 
spring water as well as of surface drainage water, and there are but feu- 
areas where the rain can stagnate in peaty and marshy places. A point 
of some importance is that Barden Beck, the main source of supply to 
Lower Barden Reservoir, runs for over a mile on a rocky and sandy bed. 

It is to be noted that nine tenths of the gathering grounds from which 
the water is taken are high moorlands (from 600 feet to 1,500 feet above 
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the level of the sea), and above the reach of pollution from populated 
districts. 

Conditions found to exist on the Gathering Grounds on June 18/A, ISy^t 

and August 23rd, 1895. 

High Level Supply, — June 18^A, 1895. 

The rainfall from May 18tb, 1895, to June 18th, 1895, is given in an 
accompanying table. Owing to the preceding dry weather, the conditions 
were not favourable for an inspection of the collecting ground, and 
many of the feeders which supply the reservoirs with water under 
ordinary conditions of the rainfall were dry. The reaction of the 
various waters was tested with an alcoholic solution of lacmoid. 

The water in Thornton Moor Eeservoir was tested at varions points, 
and found to be distinctly acid. The peaty water, which is led into the 
south-west side of the reservoir by a series of iron pipes, was dried up, 
but samples obtained at a later date and during storm time were very 
acid. 

As regards the small catchwater, it was found that the water running 
in it was acid, and two small peat drains which supply it with water 
were acid, and one stream containing chiefly spring water was neutral 
in reaction. 

Moss spring water was neutral in reaction. The large catchwater 
conduit which supplies the greater bulk of the water entering the 
reservoir was traced upwards for a considerable distance, and the water 
in it was found to be neutral. The peat feeders which under ordinary 
conditions drain into it were all dry. The only water, indeed, 
supplying the conduit was from springs, and this water was found to be 
neutral. A sample obtained at a later date from this catchwater yielded 
very different results, a% is shown in an accompanying table. Thornton 
Moor Reservoir water after being treated with lime and filtered was quite 
neutral in reaction. 

Stubden Reservoir water was found to be neutral, and the water In 
the catchwater conduit supplying this reservoir had a similar reaction. 



Low Level Supply, — August 23rJ, 1895. 

The rainfall previous to August 23rd is given in an accompanying 
table. Owing to the preceding dry weather the water from surface 
drainage was very small in amount, and in consequence the conditions 
were not very favourable for the inspection of the gathering ground. 

Upper Barden Reservoir water was tested at various points, and found 
to be acid in reaction. The north bye-channel contained acid water, 
and six streams supplying it with water draining from very peaty land 
were all acid. The north catchwater conduit was also acid, and so was 
the water in Yethers Gill. The south bye-channel contained neutral 
water, and the water in Padmire Sike and in the south catchwateb 
conduit was also neutral. Barden Beck was traced downwards, and the 
water, which at first was distinctly acid, gradually became less and less 
acid, until and just before discharging into Lower Barden Reservoir it 
ceased to contain even traces of acid. Pitshaw Dike and Kittlety Sike, 
which flow in Barden Beck, were neutral. The water in Lower Barden 
Reservoir was neutral, as was also the water in Far Long and Near Long 
Gills. The outflow water from Lower Barden Reservoir and the water 
joining the Barden supply from Burnsall gathering ground was neutral 
in reaction. 
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It is to be noted that under laboratory conditions of experiment moor- 
land waters which give a neutral reaction with lacmoid do not dissolve 
lead, but those which give an acid reaction possess plumbo-solvent 
ability. 

Samples of water were collected for more detailed examination from 
the folio wing sources : — Thornton Moor Eeservoir water (before and after 
treatment) y Moss Spring water, Stubden Reservoir, Upper and Lower 
Barden Reservoirs, and Upper Barden north bye-channel. Samples of 
water were also obtained from Bi*adford town mains (high and low level 
services), Thornton Moor catchwater conduit — two samples, and from iron 
pipes discharged into south-west side of Thornton Moor Reservoir — ^four 
samples. The results are given in an accompanying table, and may be 
briefly described as follows : — 

The samples from Bradford town water from the high and low level 
services were neutral, and did not dissolve lead, and were harder than is 
usually found in the case of moorland waters. Thornton Moor Reservoir 
water was distinctly acid, and dissolved lead to a considerable extent. 
After treatment and filtration, however, the water was neutral and free 
from plumbo-solvent ability, and its hardness was much increased. 

Stubden Reservoir and Moss Spring waters were neutral, and did not 
dissolve lead. A mixture of equal parts of Thornton Moor Reservoir 
water and Moss Spring water yielded a water practically free from 
acidity and plumbo-solvent ability. 

As has been stated Thornton Moor catchwater conduit contained 
neutral water on June 18th. A sample obtained on July 2nd from the 
same source, and stated to be storm water, was neutral and free from 
action on lead. It is improbable, however, that this sample represented 
storm water, because another sample received a few days after, and which 
was peaty in colour, was found to be very acid and to act on lead in the 
most marked way. The water from the south-west side of Thornton 
Moor Reservoir was dry on June 18th, but samples received at a later date, 
and dui'ing storm time, was extremely acid, and dissolved lead to a vqry 
great extent. The water from Lower Barden Reservoir and from the 
Burnsall supply was neutral and free from plumbo-solvent ability. The 
water from Upper Barden Reservoir and its northern bye-channel was 
slightly acid and acted on lead to an inconsiderable extent. It is to be 
noted that Burnsall water, which contains a large amount of spring 
water, was much harder than the more peaty waters, e.g.y Upper Barden 
Reservoir water. 



Remarks on the Results yielded hy the Chemical Examination of the 
Waters in reference to the observed Characters of the Gathering 
Ground, 

High Level Supply. 

Thornton Moor Gathering Ground. — The characters of this drainage 
area, which have been already described, arc of such a nature that it is 
not surprising to find that the water stored in Thornton Moor Reservoir 
is acid. It remains, however, to discuss, among other things, why 
the large catchwater conduit contained neutral water on June 18th. 
Briefly, on that date the water derived from surface drainage was dry. 
and only neutral spring water was gaining access to the waterworks. 
It is true that a sample obtained at a later date, which was stated to be 
storm water, was also neutral, but this sample, to judge by its appear- 
ance, did not truly represent storm water. A sample obtained a few 
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days later, which was evidently flood water, and which was much 
discoloured with peatj matter, was very acid. It seems, then, that this 
catchwater conduit contains neutml water during its dry weather flow 
and acid water during storm time. 

That the water in the small catchwater was acid is readily under- 
stood, since it has been shown that water derived from the drainage of 
very peaty soil was gaining access to it. It is of particular interest to 
note that the water which drains from the south-west side of the 
reservoir was dry on June 18th, but as soon as rain fell a very acid 
peaty water was discharged into the waterworks. The result of the 
experiment, in which equal parts of neutral, moss, spring, and acid 
reservoir water were mixed, is of interest, as showing that moorland 
springs are usually not only neutral, but possessed of some acid 
neutralising ability. 

Stubden Gathering Ground. — It was shown that this collecting 
ground differed in many important respects from the foregoing, and it 
was noted in particular that the spring water was large iu amount, and 
the water derived from the drainage of peat was very much less than 
in the case of the Thornton Moor gathering ground. Correspondingly, 
the Stubden water was found to be neutral and Iree from action on 
lead. 



LovD Level Supply. 

Upper Burden Gathering Ground, — The slight acidity of the 
reservoir water is easily accounted for. Yethers Gill and the north 
bye-channel and catchwater drain laud unquestionably peaty, and the 
water entering the waterArorks on this side of the reservoir was found to 
be acid. Possibly Padmires Sike, on the south side of the reservoir, may 
contain acid water in storm time. This is less likely to be the case with 
the south catchwater, as it contains a considerable amount of spring water. 
That Upper Bardeu Reservoir was not more acid appears to be due to 
the dry weather flow of the feeders being fairly abundant, owing to the 
presence on the gathering ground of a considerable number of hillside 
springs. 

Ix>wer Harden Gathering Ground, — The chief supply to Lower 
Bardeu is from the Upper Reservoir, but there are a number of moor- 
land streams which also supply the waterworks. Lower Barden 
Reservoir was found to be neutral, and all its feeders had a similar 
reaction. The reason of this neutral condition of the various waters 
seems to be traceable to the more favourable conditions prevailing on the 
lower collecting ground. Thus the peat is thinner, the hill slopes are 
more abrupt, the drainage from the soil is more rapid, uud the peaty 
water is less and the spring water more in amount on the lower, as 
compared with the higher collecting ground. The gradual change of 
reaction observed in Barden Beck is of especial interest, and may be 
explained in the following way. Possibly the mere delay of the water 
in its passage between the two reservoirs may have had somo induence, 
and probably the flow of the water along the rocky and sandy bed of 
the stream affected the acidity, but most likely of all the neutral spnng 
water from Pitshaw Dike and Kittlety Sike possessed some acid 
neutralising ability. 

In conclusion, and speaking generally, it is to be noted that ths 
chemical results bore out in a remarkable way the observed characters 
of the gathering grounds. 
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Bradford Corporation Waterworks. 



Table 8. — Chemical Results, 



i 

a 

1 



■Description of 

the Sample of 

Water. 



Reaction 

with 
Lacmoid. 



Additj 

in Terms 

of 0.0. 

i^Na,00, 

required to 

neutralise 

100 C.C. of 

the Water. 



June 12th» 1895. Brad- 
ford town water. 
High loTcl ser- 
vice. 

8 Jane 12th. 1S95. Brad- 
ford town water. 
Ix>w level ser- 
yice. 

8 June 10th, 18»5. Thorn- 
ton Moor Reservoir 
water. Before 

"treatment." High 
level supply. 

June 19th. 1885. Thorn- 
ton Moor Reservoir 
water. After "treat- 
ment" and filtra- 
tion. High Level 
supply. 

June 19th. 1895. Moss 
Spring water. Thorn- 
ton Moor. High 
level supply. 

June 19th. 1895. Stab- 
denReservoir water. 
Hi^ level supply. 

June 21st. 1896. Equal 
parts of samples S 
and 5 miied to- 
gether and allowed 
to stand overnight. 

8 July 2nd. 1806. Water 
from Thornton Moor 
Ostchwater conduit 
at point of entrance 
into Thornton Moor 
Reservoir. High 
level supply. The 
sample was stated to 
be •• storm water.** 

July 6th. 1895. Same 
as above (No. 8). 
This sample, how- 
ever, ^appeared to 
be unquestionably 
"stohn water." 

10 Jc^ 2nd. 1885. Water 
ffbn iron pipe No. 1 

.discharging into 
/S.W. side of Thom- 
' ton Moor Reservoir. 
On June 18th (date 
of visit) this water 
was dry. High 
level supply. 

11 flame as above (No. 
10). bat the water 
was taken from iron 
pipe No. 2. 



Neutral 



Neutral 



Add 



Neatral 



Neutral 



Neutral 



P trace aoid 



Neatral 



Add 



Add 



Add 



Neutral 



Neutral 



0-48 



Neutral 



Neutral 



Neutral 



f trace add 



Neutral 



0*80 



*64 



rss 



Hardness 

(Ga(X)s 

parts per 

100/)00). 



Action on Lead (Results stated as Parts 

perlOO/MO). The action on Lead was tested 

by upward filtration throogh 50 cc. 

Lead Snot at the rate of 8 mins. per 50 cc 



1st 
50 cc 



2nd 
50 cc. 



Srd 
50 ex. 



4th 
60 CO. 



6th 
60 cc 



I 



9-8 


0.0 


0*0 


10*08 


0*0 


0*0 


8*82 


0*5 


0*6 


9-84 


0*0 


0*0 


S*S6 


0*0 


0*0 


8*68 


0*0 


0-0 


— 


0*0 


0*0 


— 


1*6 


8*0 


— 


0-8 


0'6 


- 


8*0 


8*0 



0*0 



0*0 



0*7 



0*0 



0*0 



0*0 



0*0 



0*0 



0*8 



0*0 



0*0 



0*0 



0-0 



0*0 



0*8 



0-0 



0-0 



0*0 



P Faint traces. 



0*0 



8-0 



0*6 



8*0 



0*0 



8-6 



0*8 



8*0 



0*0 



8*8 



••a; 



8*0 



0-00 



0*00 



0*64 



0-00 



0-00 



0-00 



0-00 



8*10 



0*88 



r88 
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• 


Deicription of 

the Sample of 

Water. 


Reaction 

with 
Lacmoid. 


Acidity 

inTerma 

of CO. 

^Na.CO, 

required to 

neutralise 

100 ox. of 

the Water. 


Hardness 
((3aC0, 

parts per 
100.000). 


Action on Lead (Results stated aa Parts 
per 100,000). The action on Leal waa tested 

by upward filtration through 50 oc 
Lead Shot at the rate of S mina. per 60 cc 


Ut 
50 ox. 


8nd 
50 oc 


Srd 
60 cc 


4th 
50C.C. 


5th 
60e.o. 


Avense. 


18 


Same ait above (No. 
10)* but the water 
waa taken from iron 
pil>e No. S. 


Acid 


1-56 




20 


30 


3*0 


3*5 


8-5 


S'OO 


IS 


Same as above (No. 
10), but the water 
waa taken from iron 
pipe No. 4. 


Acid 


1-50 


• 


2'0 


80 


8-0 


8-0 


8*0 


2*80 


14 


AuR. 24th, 1885. Lower 
Barden Reservoir 
water. Low level 
supply. 


Neutral 


Neutral 


4*2 


0-0 


00 


O'O 


00 


O'O 


0-00 


15 


Aug. 24th. 1895. Upper 
Barden Reservoir 
water. Low level 
supply. 


Acid 


O'SO 


2-7 


00 


01 


0*0 


0*2 ' 0-2 

1 

1 
1 


0-12 ' 


16 


Aug. 24th, 1895. Burn- 
sail wat<*r (joins 
Harden conduit). 
Low level supply. 


Neutral 


Neutral 


77 


0-0 


0-0 


0*0 


00 


0-0 


0-00 


17 


Ang.24th,1895. Water 
from bye-channel, 
north'side of Upper 
Barden Reservoir. 
Low level supply. 


Acid 


0-18 


2*1 


0-1 


01 


0*1 


0-1 


01 


0-10 



.A . 



o 

i 
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Survey No. 9. 

BURNLEY CORPORATION WATERWORKS. 

Source of the Water Supply and General Descrii'Tion 

OF THE Waterworks. 

The supply is obtained from moorland gathering grounds at Cunt 
C/lougli and Swinden, about four miles from Burnley. Another source 
of supply is from hillside springs in the same neighbourhood. 

Cant Clough Gathering Ground. — Cant Clough Reservoir obtains 
its chief supply of water from Cant Clough Beck, which drains a large 
area of moorland. Other and smaller mountain streams enter- the sides 
of this reservoir, while a considerable amount of water drains off 100 acres 
of moorland into a catch water conduit which enters the reservoir near 
its embankment. The un filtered water from Cant Clough Reservoir is 
conveyed into a reservoir (Heckenhurst) situated at a lower level, which 
also receives the water from Swinden Reservoir (No. 2), and from 
certain hillside springs, and which supplies the low levels of the town. 

There is no arrangement for excluding storm water from the water- 
works, and the whole of the water draining from this gathering ground 
has to pass through the reservoir ; in consequence after a flood the water 
in the reservoir is slightly fouled. Land has recently been purchased 
hy the corporation for the laying down of filter beds, and it is proposed 
in the future to filter the water from Cant Clough Reservoir. Cant 
Clough Reservoir embankment is ballasted with broken stones, and 
pitched with heavy ashler pitching. The inside of the reservoir is not 
covered with broken stone. 

Swinden Gathering Ground. — Here there are two reservoirs for 
domestic use, Swinden No. 1, and Swinden No. 2. The latter, which 
is fed entirely from Swinden No. 1, sends its water (unfiltered) to 
Heckenhurst Reservoir, which, as has been ali*eady mentioned, receives 
also the water from Cant Clough Reservoir and from hillside springs, 
and supplies the low levels of the town. A separate and independent 
main from Swinden Reservoir No. 2 goes direct to the town to supply 
the high-level service. There is practically only one source of water 
supply to Swinden Reservoir No. 1, and this is from Swinden Brook, 
which drains a large tract of moorland. A watercourse runs along one 
side of Swinden Reservoir No. 1, and by its means storm water can be 
■excluded from the supply. The whole of the inside of Swinden Reservoir 
is ballasted with broken stones, and the slopes of the embankment are 
pitched with heavy ashler blocking. 

" Springs*' Supply, — This source of supply is from hillside springs, 
and in each case, as the water issues from the ground, it is received into 
a chamber, and conveyed from thence to a central chamber, from whence 
the water is carried in iron pipes to Heckenhurst Reservoir. 

The water from Heckenhurst Reservoir, which contains a mixture of 
Cant Clough and Swinden waters with the spring water, is conveyed, 
without being filtered, to the low levels of the town. 

The following notes on Burnley Corporation Waterworks are of 
interest : — 

Rainfall, 

Average yearly rainfall in Burnley - - 40*65 inches* 

„ „ on Cant Clough gathering 

ground - - - 41*67 „ . 

„ „ in Swinden gathering ground 43*84 „ 

£ 88578. I 
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Reservoir. 



Capacity of the Reservoirs^ 



Capacity 



''iir ■ ^«p'^- 



Area. 





Gallons. 


Feet. 


Feet. • 


A. 


M. P. 


Cant Clougb 


230,000,000 


924 


61 


S8 





Swinden No. 1 - 


116,000,000 


802 


70 


18 


3 21 


Swindcn No. 2 - - 


3 ♦,000,000 


780 


38 


4 





Heckenhurist Reservoir - 


20,000,000 


eo5 


20 


4 


2 15 



Cant Clough 
Swinden 



Drainage Areas. 

1,000 acres. 

660 acres (domestic), 985 acres (comi)enKation). 



'Yield of Water and Consumption of Water, 

Cant Clough Supply — Swinden Supply. — The yield from the Cant 
Clough and Swindfu gathering ground cannot be accurately given, the 
water not being gauged at the inlets. The amount drawn for consump- 
tion for the year ending March 2oth, 1896, was, on an avenige, daily, 
1,447,518 gallons from Swindeu Kesei-voir, and 773,000 gallons from 
Cant Clough Reservoir. 

*^ Springs'* Supply. — The average daily yield from tlie springs for 
the year ending March 25th, 1896, was 573,943 gallons. The con- 
sumption for the above period was 23*66 gallons per hea<l per day of' 
the population, for trade and domestic purposes combined, or 20*73 for 
domestic use alone. 



Daily Rainfall from February 26th^ 1896, to March 26 th on 

Gathering Ground, 



1896. 


Swindeu. 


_ Cant Clongh. 


1896. 


1 Swinden. 


1 

Cant Clough. 




Inches. 


Inches. 




Inches. 


Inches. 


Feb. 26th - 


0-00 


000 


Mar. 13th - 


0-49 


0-44 


„ 27th - 


0-23 


0-16 


„ 14th - 


0-01 


• 0-01 


„ 28lh - 


0-27 


0-24 


„ 15th - 


0-46 


0-44 


„ 29th - 


05 


il-Cy^ 


„ 16th - 


0-03 


0-05 


Mar. l8t - 


0-04 


0-05 


„ 17th - 


010 


0-10 


„ 2nd - 


0-47 


0--I5 


„ 18th - 


0-tO 


0-00 


,. Srd - 


0-35 


0-15 


„ 19th • 


014 


0-11 


„ 4.h - 


014 


015 


„ 20th 


0-14 


012 


„ 5lh - 


017 


Olo 


„ 21st 


o-oi ; 


02 


„ 6th . 


0-38 


0-18 


„ 22nd - 


0-01 


0-01 


„ 7th - 


0'82 


0-76 


„ 23rd - 


0-00 1 


o-i»o 


„ 8th - 


006 


• 05 


„ 24th - 


0-04 j 


0-04 


„ 9th - 


002 


03 


„ 2oth - 


0-50 


0-44 


„ K^th - 


0-25 


0-20 


„ 2Cth - 


0-38 


0-37 


.. 11th - 


003 
000 


0-02 

' u-uo 








„ 12th - 

• 


619 

1 


5-68 
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Notes on the Charactei's of the Gathering Chround^^ 

Cant Clough and Swinden Gathering Grounds, — These are moor- 
land gathering grounds, and they do not differ from each other 
sufficiently to need a separate description. 

In the neighbourhood of the reservoirs the vegetation is chiefly com- 
posed of rough pasture grass, and the soil is more or less peaty. Higher 
up on the flatter portions of the gathering ground heather and moss are 
abundant, and tlie soil is exceptionally peaty. The slopes of the hills 
are such as to allow of efficient drainage of the land, but areas also 
exist where the rain is not is not carried rapidly away, and here the 
rain saturates and lies stagnant in the peaty soil. These areas are to 
be found chiefly on the higher and flatter portions of the gathering 
grounds, and it is in these places that moss and heather and beds of 
peat and marshy land are to be found. Besides the water derived from 
surface drainage, there is a considerable amount of spring water. 

" Springs " Supply, — This supply is from hillside springs, and affords 
a good example of moorland spring water unmixed with surface water 
which is yet comparatively soft. 

Speaking in general terms, the geological formation is carboniferous 
sandstone with boulder clay mixed with drift limestone in the valleys. 

Conditions found to exist on the Gatherijig Grounds on March 2Gthy 

1896. 

The rainfall from February 2(3th to March 26th (inclusive) is given 
in an accompanying table. It is to be noted that there was heavy rain 
before March 26th, and the streams in consequence were running fuller 
than normal. 

Lacmoid was used to test the reaction of the various waters. Ex- 
periments show that when a water gives a neutral reaction with this 
indicator, it will not dissolve lead lo any appreciable extent under 
laboratory conditions of experiment. 

Cant Clough System, — The water in Cant Clough Reservoir was 
tested at various points, and it contained only traces of acid. Cant 
Clough Beck, which, owing to the heavy rains, contained much surface 
water, was distinctly acid. This mountain stream was traced upwards 
towards its source ibr a considerable distance, and it was found that it 
divided into two separate streams, each of which was acid. Some 
small feeders which enter Cant Clough Beck and drain peaty land were 
also tested, and they were found to be acid. Along the right bank of 
the reservoir a number of small streams were tested. Four of these 
were neutral and four acid. The acid streams appeared to contain 
chiefly peaty water and ^he neutral ones spring water, or a mixture 
of peaty and spring water. The streams entering the left side of the 
reservoir were small ; out of six tested four were acid. On this side 
of the reservoir a good example of one of the so-called ** ochre" springs 
so common on moorland gathering ground was fouud. The water, as 
appears to be the rule, was neutral. The catchwater conduit entering 
the reservoir near its embankment contained water which was dis- 
tinctly acid. The same remark applie? to a mountain stream draining 
peaty land which enters the reservoir near Cant Clough Beck. Speak- 
ing in general terms, and so far as could be ascertained, those streams 
which contained much surface peaty water were acid, and those which 
contained spring water, or a mixture of spring water with a small 
amount of peaty water, were neutral. 

I 2 
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Swinden Systenu — Swinden Reservoirs (No. 1 and No. 2) contaiued 
neutral water. Swinden Brook was, however, acid, and contained much 
peaty water. This water, however, does not enter Swinden Reservoir 
during flood time, owing to the provision of a storm watercourse. 

" Springs '* Supply. — Tlie spring water was neutral in reaction. 

The water in Heckenhurst Reservoir, which contains a mixture of 
spring water and Cant Clou;ih and Swinden waters, was neutral. 

Various samples of water were collected for more detailed examina- 
tion. The results are pjiven in an accompanying table, but briefly they 
may be descnbed as follows : — 

The water from *• springs" supply, from the outlet from Swinden 
Iteservoir (No. 1) and from the ** Lov»'er '' Reservoir, where the various 
waters mix, was neutral, and had no action on lead. Cant Clough 
Reservoir water was faintly acid, and dissolved lead only to a very 
small extent. Swinden Brook was ncid, and had a ^'ery appreciable 
plumbo-solvent ability. Cant Clough Beck was decidedly acid, and 
dissolved lead in a marked way. It is important to note, however, that 
an equal mixture of the spring water with Cant Clough Beck (flood 
water) yielded, when tested for acidity and plumbo-solvent ability, 
practically negative results. Samples of Cant Clough and Swinden 
water obtained at a later date, and under ordinary conditions of rainfall, 
« yielded, on examination, interesting results. Both waters now contained 
only traces of acid and acted only faintly on lead. 

The bacteriological examination of the water yielded the following 
results: — The outlet water from Swinden Reservoir No. 1 contained 
960, Cant Clough Reservoir water 225, Swinden Brook 414, and 
Cant Clonal Beck 960 micro-orgnnisms per c.c. respect ivelj'. 

Remarks on the liesulls yielded hy the Chemical Examination of the 
fVaters in reference, among other things^ to the observed Characters 
of the Gathering Ground, 

It is especially to be noted that the conditions found to exist on 
March 26th, 1890.. were not normal as regards the rainfall. Owing to 
the heavy rains, a large amount of surface water was entering the 
waterworks, and many small streams were running full, which, under 
ordinary conditions, are said to contain little or no water. 

Cant Clough System. — It is of interest to note the nearly neutral 
condition of, and almost entire absence of, plumbo-solvent ability in the 
water of Cant Clough Reservoir as compared with the great aciditj and 
plumbo-solveut ability of the water in its main inlet feeder. Cant Clough 
Beck. The difference in the quality of the two waters may be 
accounted for in the following way : — There can be little doubt that the 
condition of the water in Cant Clough Beck on March 2Gth was due to 
the large amount of surface water draining into the supply from peaty 
land as a consequence of the heavy preceding rains. A sample of water 
obtained at a later date, and tmder ordinary conditions of rainfall — when 
the surface peaty water would be much reduced in amount and the 
spring water relatively increased — was found to resemble the wat2r 
in Cant Clough Reservoir, being almost absolutely free from acidity 
and plumbo-solvent ability. It is not unlikely that the other 
streams which on March 26th were acid, would, like Cant Clough Beck, 
be neutral under ordinary conditions. That Cant Clough Reservoir 
water was practically neutral and free from plumbo-solvent ability seems 
to be due to the fact that it is only in storm time that the streams which 
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supply the reservoir with water are acid. N'everthcless, a large amount 
of acid water apparently does enter the reservoir, and it require3 
explanation why this water does not influence the reservoir water to a 
greater extent. Its smail amount relative to the total bulk of water 
might be considered sufficient exphination, but it is oP hiterest to note 
also that experiments show that the tendency is for an acid water to 
undergo some diminution of its acidity under conditions of storage. 
Further, it is quite possible that during drought the feeders supply the 
reservoir with water which is not only neutral, but possessed of some 
acid neutralising ability. 

Swinden System. — The above remarks apply very closely in the case 
of this water supply. Swinden Brook was found to be acid and Swinden 
Hescrvoir neutral on March 26th. Swinden Brook, examined at a later 
date and under more favourable conditions as regards tlie rainfall, was 
nearly neutral. The neutral condition of Swinden Reservoir as com- 
pared with the slightly acid state of Cant Cluugh Reservoir may be 
traced to the smaller amount of acid in Swinden Brook as compared with 
Cant Clough Beck, and also to the provision of a storm watercourse in 
connexion with the former system of water supply. 

In concluding the remarks on Cant Clough and Swinden systems the 
following points deserve notice. The acid condition of these mountain 
streams in flood time is not remarkable in view of the peaty nature of 
portions of the gathering ground and the possibility on certain areas of 
the rain stagnating in the peat. Experiments show that peaty water 
(whether natural or artificially prepared) is usually acid and possessed 
of plumbo-solvent ability. The practically neutral condition of samples 
of Cant Clough and Swindon Beck obtained at a later date, and under 
ordinary conditions of rainfall, is to be accounted for by the comparative 
absence of surface peaty water and the relatively large amount present 
of spring water or of water altered in character by ita passage through 
or over rocky soil. 

** Springs " Supply. — This water, as might have been expected, was 
found to be neutral and free from plambo-solvent abilit}'. Hillside 
springs on moorland gathering grounds appear to be always neutral and 
free from action on lead. In some ca>es, indeed, a slight acidity has 
been detected, which disappears on exposure of the water to the air, 
and is probably due to the presence of minute traces of carbonic acid. 
From experiment No. 9 of the accompanying tiblc of chemic<il results 
it will be noted that this spring water was not only neutral, but 
possessed a considerable acid neutralising ability. 

Heckenhurst Reservoir was neutral and free from plumbo-solvent 
ability. It is probable that even if Cant Clough and Swinden Reservoirs 
supplied acid water to this reservoir it would be neutralised by the 
water from ** .springs " supply. Spring water i'* not only neutral but 
always appears to have as well some acid neutralising ability, 
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BuRNLEr Corporation Waterworks. 
Table 9. — Chemical and Bacteriological Results. 



DMCription 

of the Sample of 

Water. 



Reaction 

with 
Lacmoid. 



Acidity 

In Terms 

of C.C. 

-^ Na^COs 

required to 
neutralise 
100 CO. of 

the Water. 



Action on Lead (Results stated as Parts 

per 100,000) . The action on Lead was tested 

. by upward filtration through 50 c.c. 

washed Lead Shot at the rate of 3 mins. 

.per 50 oc. 



1st 
50C.C 



2nd 
50C.C. 



I 



I 



3rd 
50 CO. 



4th 
50 c.*^. 



5th 
50C.C. 



AverA^. 



"Spring" water. 
March 27tli, 180G. 

"Outlet" from Swin- 
den Reservoir No. 1. 
March 27th, 1896. 

Water f^om Hecken- 
hurst Reservoir, 
containing mixture 
of spring water 
and water from 
Cant Clough and 
Swinden Reservoirs. 
March 27th, 1896. 

Oant Clough Reser- 
voir water. March 
27th, 1896. 

Swinden Brook durin;; 
flood. March 27th. 
1896. 

Swinden Brook durini; 
dry weather. April 
Snd. 1896. 

Oant Clough Beck 
during flood. March 
27th, 1896. 

Oant Clough Beck 
during dry weather. 
April 2nd, 1806. 

Eaual parts of the 
" sprinii^ " water 
(Experiment No. 1) 
and of Oant Clough 
Beck water (Experi- 
ment No. 7) mixed 
together, and kept 
in an unstoppered 
bottle for three davs, 
and then tested for 
acidity uid plnmbo- 
■olveut ability. 



Neutral 



Neutral 



Neutral 



Neutral 



Neutral 



Trace acid 



Trace acid 



Distinctly I 0*42 
acid. I 



Trace acid Trace ieund 



Very acid I 0"78 



Trace acid ; Trace acid 



? Very faint, Trace acid 
trace acid. 



0-0 



Neutral i O'O 



0-0 



0*2 



1-0 



0-0 



O'O 



0-0 



0-4 



1-6 



0-0 0*0 



O'O 



O'O 



0-0 0*0 



Traces. 



5 



0-5 



Traces. 



1-9 



1-9 



Traces. 



Traces. 



00 
0-0 

00 



0-6 



1-9 



Number of 

Micro- 
organisms 
in 1 c.c. of 
the Water. 



0*00 
O'OO 

O'OO 



0-42 



I'ee 



960 



414 
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Survey No. lO, 

COLNE WATERWORKS. 

Source op the Water Supply and General Description of the 

Waterworks. 

The supply is obtained from hillside springs and from moorland and 
springs at Laneshaw. 

Hillside Springs. — There are two springs known as Flass and 
Bamside Springs. The water from these springs is piped to Bent's 
Service Reservoir and is conveyed from thence by a single main to Colne. 
Bent's Service Reservoir also receives the water from Laneshaw, although 
this water can be passed directly into consumption. 

Laneshaw Si/stem, — The water from Laneshaw Brook is collected in 
Laneshaw Reservoir : thence, after filtration through sand and polarite, it 
joins the water from Bonnie Booth Springs and passes either directly into 
consumption or is dammed back to raise the level of the water in Bent's 
Service Reservoir. The water from springs known as Bonnie Booth 
Springs is piped past Laneshaw Reservoir to join, at a lower level, the 
filtered water from Laneshaw Reservoir. 

A storm watercourse exists in connexion with Laneshaw Brook, and 
in flood time none of the water is allowed to enter the reservom 

The following notes on Colne Waterworks are of interest ; — 

Hainfall, 
Average yearly rainfall on gathering ground, 34^^ inches. 



I. 



Capacity and Top Water Level of Laneshaw Reservoir. 



* 


Capacity. 


Top Water 
Level. 


I^mesliaw Keservoir - . - - - 


Gallons. 
81 millions. 


Feet. 
858 



Drainage Area, 

Laneshaw drainage area, 779 acres. 

Yield of district for drought of 150 days : — 

73 million gallons in reservoir for compensation water. 

8 „ „ y, for town supply. 

8,000,000 gallons -f- 150 days = 50,000 gallons per day for town. 

Yield of springs in dry weather 250,000 

Total from Laneshaw - 300,000 

Supply from Bent's Reservoir 80,000 



Total supply to town 



- 380,000 gallons. 
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Consumption of Water. 
The consumption of water is estimated at 350,000 gallons per day. 

Daily Rainfall from March 9th to April 9th, IS98, 



Date. 



New Gauge 

Works 

A. 



Date. 



Xew Gauge 
Works 
A. 









Iiichcs. 






March 9th 




— 


March 28th 




lOih 




•006 


1 >i 


29th 




nth 


- 


•05 


1 9* 


30th 




12th 


- 


—— 


1 »» 


Slst 




13th 


- 


•037 








14th 


- 


— 




Totals 




15th 


- 


•024 








16th 


- 


•05 








17th 


- 


•04 


April 


1st 




18th 


- 


— 




2nd 




19th 


- 


•on 




3rd 




20th 


- 


•013 




4th 




21st 


- 




1 *» 


5th 




22iid 


- 


— 


1 
1 » 


6th 




23rd 


- 


•05 




7th 




*24th 


- 


•09 


1 
1 ** 


8th 




25th 


- 


•030 


1 


9th 




26th 




•035 


1 






27th 








Totals 





Inches. 


- 


•030 


- 


•020 

• 


- 


— 


" m 


O »4 




•on 


- 


•09 


- 


i 1 SI 


- 


_ 


- 


Av 



Notes on the Characters of the Gathering Ground. 

Flass and Bamside Springs are hillside springs which yield aft 
abundant and constant source of water. The slopes of the hills on this 
portion of the gathering ground are covered with rough pasture grass, 
and the rock underlying the surface soil is sandstone grit. 

Bonnie Booth Springs. — The water from these springs is received 
into a closed chamber as soon as it issues from the ground, and is piped 
directly into the waterworks supply. A similar arrangement exists in 
connexion with Flass and Barnside Springs. The site of Bonnie Booth 
Springs is near the entrance of Laneshaw Brook into Laneshaw 
Reservoir. 

Laneshaw Brook and Laneshaw Reservoir. — Laneshaw Brook draicff 
a large area of moorland. Towards its source the character of the 
ground is essentially penty, but lower down tlie surface soil is much 
less peaty and supports the growth of rough pasture grass. The bed 
of the stream is rocky, aud the denudation of the sides of the valleys 
allows a large quantity of sand and rock to be washed down its 
course during storms. In addition to the water derived from surfiMM 
drainage which — especially in its upper reaches — is more or leas peatj 
in character, Laneshaw Brook receives a large quantity of spring 
water. 

The rock underlying the surface soil is sandstone grit. 

Conditions found to exist on the Gathering Ground on April 9th^ 1806* 

Lacmoid was used to test the reaction of the various waters and it is 
to be noted that when a water gives a neutral reaction with this reagent 
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it will not dissolve lead to any appreciable extent under laboratory 
conditions of experiment. 

The water from Flass, Baraside, and Bonnie Booth Springs was 
neutral in reaction. Laneshaw Brook was running very low, owing to 
the prolonged drought, and contained chiefly spring water. It was 
neutral in reaction, and a sample of water obtained at a later date, and in 
flood time, was also neutral. 

The water in Laneshaw Reservoir was neutral in reaction. 

Samples of water were collected for more detailed examination from 
Flass, Barnsids, and Bonnie Booth Springs, and from Laneshaw 
Reservoir. Later, a sample of flood water was obtained from Laneshaw 
Brook, and a sample ot water from an " ochre " spring on the gathering 
ground. 

Briefly, the examination of these waters showed that they were all 
neutral and free from plumbo-solvent ability. 

Remarks on the Results yielded hy the Chemical Examination of the 
fVaters in reference to the observed Characters of the Gathering 
Ground. 

The neutral condition and freedom from action on lead of the spring 
waters might have been expected. Omitting the consideration of those 
spring waters, which contain an excess of free carbonic acid, it is a 
matter of experience that spring waters are neutral and do not act on 
lead. 

It remains only to consider why Laneshaw Brook, which drains 
moorland, is similarly free from acidity and plumbo-solvent ability. In 
this connexion the following points are to be noted : — 

(1.) The large amount of spring water relative to surface water. 

(2.) The character of the soil drained. 

It has been already said that the lower reaches of Laneshaw Brook 
drain land only partially peaty, and covered with rough pasture grass, 
and that it is only towards its source that peat is abundant, either in 
superficial extent or in depth. 

(3.) The run of the water for a considerable distance on a rocky and 
sandy bed, subject to constant renewal by denuding agencies. 

Lastly (4.), the rain appears to run rapidly off the surface of the 
ground over most of the gathering ground, although, no doubt, 
in places exceptional opportunity exists for its stagnation in 
the soil. 

It might have been expected, however, that Laneshaw Brook would 
be acid in flood time. This does not seem to be the case, since a sample, 
obtained during storm time, was neutral and free from plumbo-solvent 
ability. 

Possibly at one period of a storm the water may be acid, namely, at 
its beginning, when the rain washes out the soil water which has lain 
there for some time previous. 

The nentral condition of Laneshaw Reservoir indicates that, at all 
events, for some months before the day on which it was tested, it must 
have been supplied with neutral water from Laneshaw Brook. 

In conclusion, it is to be noted that the provision of a watercourse to 
carry off the water from Laneshaw Brook, in storm time, must beneficiallj 
affect the quality of the water stored in the reservoir. 
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COLNE WaTEBWOBKS. 

Table 10. — Chemical Results. 







Acidity. 














Description of 

the Sample of 

Water. 

<0 






Action on Lead (results stated as Parts 

per 100.000) . The action on Lead was tested 

by Upward Filtmtion tbroui^h 60 cc. washed 

Lead Shot. 


1 


Reaction 

with 
Locmoid. 


In terms 
of CO. 

^Na,C08 

required to 

neutralise 

100 cc of 

the Wat«r. 


1 


1st 
50 cc. 


2Dd 
50 cc. 


3rd 
60 CC 

0-0 


4th 
50 cc 

0*0 


5th 
50 cc 


Average. 


1 


April 10th, 1896, water 
from Flass Springs. 


Neutral 


Neutral 


0-0 


0-0 


0-0 


00 


2 


April 10th, 1896. water 
from Barnside 
Springs. 


Neutral 


Neutral 


0-0 


0-0 


0-0 


O'O 


00 


0*0 


S 


April 10th, 1896, water 
fh>m Bonnie Booth 
Springs. 


Neutral 


Neutral 


00 


0*0 


0-0 


0*0 


0-0 


00 


4 


April 10th, 1896, water 
from Laneshaw 
B«0er7oir. 


Neutral 


Neutral 


0*0 


0-0 


O'O 


0-0 


0-0 


O'O 


5 


April 20th, 1896, water 
from Laneshaw 
Brook. 


Neutral 


Neutral 

. •■• ■ 


00 


0*0 


0-0 . 


0-0 


0*0 


O'O 


6 


May 12th, 1886, water 
from "ochre 'spring. 


Neutral 


Neutral 


0-0 


0*0 


0-0 


0-0 


O'O 


O'O 
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Survey No. 11. 

DEWSBURY AND HECKMONDWIKE WATER BOARD. 

Source of the Water Supply and General Description of 

THE Waterworks. 

The water supply of the Dewsbury and Heckmondwike Water Board 
is obtained from moorhmd p;athering ground situate at Dunford Bridge, 
about 16 miles south-west iron Dewsburv. 

Dunford Bridge, the chief* storage reservoir, is situated in the valley 
of the Don, at a height of 1,100 feet above sea level. The main sources 
of supply to this reservoir may brieflj be described as follows : — 

Great Grain, Middle Graiu, and Little Grain Clougha unite to form 
the River Don, wliicli, after receiving the water from Swinehill and 
Snailsden Cloughs, and numerous smaller feeders, discharges into the 
reservoir at its north-vrestern extremity. 

Dearden Clough and Dearden Spring enter the reservoir at its south- 
western end. 

Besides the above, there are a large number of small feeders which 
enter the reservoir at various points. These contain chiefly surface 
drainage water from pent, and during dry weather are for the most part 
empty. 

A watercourse connects Dearden Clough and the River Don, and a 
large number of small streams, chiefly of the nature of peat drains, 
are piped into this channel. The water derived from this source, 
however, is inconsiderable except in storm time. 

Another watercourse extends along the north side of the reservoir. 
it is connected with the River Don at its upper end, and terminates at 
the reservoir embankment, from which point the water is conveyed by 
pipes across the Harden Valley to the aqueduct leading to the towns. 
Several small feeders open into this channel similar in character to 
those discharging into the western conduit. 

The water, after leaving Dunford Bridge Reservoir, is conveyed with- 
out filtration to Broadstone Reservoir (on line of aqueduct) and Whittey 
Reservoir (at end of aqueduct and beginning of piping). 

The daily quantity of compensation water which has to be delivered 
to the River Don is 1 ,889,285 gallons. 

The following notes on the waterworks are of interest : — 



Rainfall. 

Average yearly rninfuU in Dewsbury. f^^ record. 

„ „ „ on the gathering ground, 50 • 32, 1 862 to 1 896 

inclusive. 



♦ There are two storage reservoirs — ^Uppcr and Lower Windleden — constructed 
on the Windleden Brook. The level of the Lower Reservoir is such that water can 
only be used for compensation purposes. The upper can he used for supply as well 
as for compenFEtion. Two additional reservoirs are heing constructed in the Harden 
Valley at Dunford Bridge, which will increase the storage 137,600,000 gallons. The 
additional drainage area thus ohtained will be 4S6 acres. 

f There are no retnrnii over so Ions a period at Dewsbury but the comparison 
for 1895 stands as 44*50 inches at Dunford Bridge, to 25*60 at Staineliffe, near 
Dewsbury. 



Capoeitff, ^., of Dnnford Bridge Reser. 

CpwtT. Top Witer Leid. Denih. 



141^9,487 



The capKiiies of «U the reservoirs iire as follows :— 

Om lie Dminagt Area at Dunford Bridge. 
__ , , „ ., Gullons. 

Dmuord Bndge Beserroir - - . 245,B49,487 

LovR- Windiedeii Beseiroir - . . 9i,'l^b,^Bl 

Fpper Wimfleden Beserrou- - . 137,794,740 



4W,J0g,8U gallons. 
JEtemrf tum»g w> Drainage Artai, but fed by fFafer taken to 
titem from Dunford Bridge. 

Gal long. 
BixoiLtooe Reserroir (on line of aqueduct) - 80,822,173 
liTlurt^T Resemit (at end pf aquedact and 
bf^mcing of piptDg) - - - 45,O09,7(>7 



Toiol elornge - 592,241,754 gdliooi 
Vonnuaplion of Wnttr. 
809.730^380 gallons for jenr 1895 for joint boaixj and outlyiog 
i&tncts. 

Drainage Area. 
1,300 acres. 

Dmify Jtmimfiill an tit Gathering Ground from October 23rd, 1894, 
to Sorember 23rd, 1894, ineltuive. 



■: t_- '--..^ 
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drainage, were dried up, and so could not be tested. The same remarks 

applj to similar streams discharging into the northern watercourse. 

One of these, however, contained sufficient water to be tested, and was 

acid in reaction. It is not unlikely that the majority of these streams I 

have a similar reaction in storm time. 

The River Don, the main feeder to Dunfurd Bridge Reservoir, was 
traced upwards for some considerable distance, and numerous tests were 
made of the reaction of the water in it at various points along its course, 
as well as the reaction of its chief tributaries. Tlie water .from the upper 
reaches, viz., from Grain, Little Grain, and Swinehill Cloughs was 
very decidedly acid in reaction but before reaching the reservoir the 
reaction of the water in the river gradually changed from acid to 
neutral, as the result, apparently, of receiving neutral water from a number 
of hillside springs. Altogether eight streams, including Snailsden Clough, 
were found to be supplying the river with neutral water. 

The gradual ciiange of reaciion in this moorland stream from an acid 
to a neutral water wi\s very carefully worked out, and the results are 
shown in an accompanying map. 

Samples of water were collected for more detailed examination from 
Dunford Bridge Reservoir and from the River Don at a point just 
above where it discharges into the reservoir. {Subsequently further 
samples of water were obtained from Dunford Biidge Reservoir. The 
results are given in an accompanying table. The River Don was neutral 
and free from plumbo-solvent ability. Dunford Bridge Reservoir water 
(4 samples) was acid, and acted distinctly on lead. All the waters were 
very " soft." 

Remarhs on the Results of (he Chemical Examination of the IVaters 
in reference to the observed Characters of the Gatfiering Ground. 

It is to be noted that the conditions found to exist on November 23, 
1894, were not normal as regards the rainfall. For some little time 
previously little or no rain had fallen on the gathering je^ound, and in 
consequence the streams contained an undue proportion of spring water 
and very little surface water. Under these circumstances it is not 
surprising to find that the reservoir water was acid and the inlet streams 
to the reservoir neutral. There can be little doubt that many of the 
streams which were dry on the above date ordinarily contain acid water 
derived from the drainage of peaty soil. It is possible that Dearden 
Clough is acid in storm time, and it is in the highest degree probable 
that the River Don usually contains an acid water. In short, it may be 
safely assumtd that Dunford Bridge Reservoir is supplied with neutral 
water during the dry-weather flow of its " inlet" btreams, and that it is 
fed with acid water when the conditions are less favourable as resards the 
rainl'all. In the former ease the water is chief! v derived from hillside 
springs, and in the latter case from the diainage of pewty soil. In this 
connexion the results of the examination of the water of the River Don 
are of especial interest. 

It was found that the water from the higher collecting grounds was 
very acid. This water is derived from the drainage of land rich in 
peat. Moreover, the conditions on this j.ortion of the gathering ground 
are such that the lain tends to stagnate in the peat, forming peat and 
moss pool.: abd marshy places. Here there is little or no spring water. 
The gradual neutralisation of the River Don on its way down to the 
reservoir is easily accounted (or. It has been shown that the water from 
eight streams discharges into the River Don. 'j'hese streams contained 
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some surface peaty water, but chiefly water from hillside springs. 
Expeiiments show that such water is not only neutral^ but possessed of 
some acid neutralising ability. Again, low down near the reservoir the 
slopes of the hills arc abrupt, and the peat is not so abundant superficially 
or in depth. Lastly, the flow of tlie water along a rocky and sandy bed 
had, doubtless, some slight influence in the direction of neutralising the 

acidity. 

It was particularly noted that the neutralisation of the water was 
gradualj and that each neutral stream enteiing the river slightly 
diminished the acidity, until at last, and just before reaching the 
reservoir, the water ceased to contain any tnices of acid. It is only 
natural to believe that in storm time the spring water would be far too 
small in amount to neutralise the enormous increase in the acid peaty 
water. 

Ju conclusion it is to be noted that the chemical results are in accord- 
\\\\ii\i with the observed characters of the gathering ground. 



o • 

E 

I: 



Dewsbury and Heckmondwike Waterworks. 
Tablb W,-^ Chemical Results. 



Description of the Sampio 
of Water. 



Reaction 
with 



Acidity 
in Terms 

of CO. 



jQ XajCoa 



Hardness 
(CaCo, 

Lacuioid. required to ^Jn^rtln'^ 
nftutralise ^^'^^>' 
lOOcc. of I ' 1st 2nd 

the Water. , 50 c.c. . 60 c.c. 



Action on Lead (Results stated as parts 

per 100,000). The action on Lead was tested 

by upward filtration through 50 c.c. 

warned Lead Shot at the rate of 3 mins. 

per 60 c.c. 



November 2 lib, 18M. Dunford Acid 
Reiervoir water (near *' out- 
let"). 

November 24th, 1804. Water ! Neutral 
from the River Don, the main I 
feeder to Dunford Reservoir. 
The bam pie of water was col- 
lected ht a point n«ir the 
mtrance of the river into the 
reservoir. 

January 23rd. 1895. Dunford Acid 
Reservoir water (near "out- 
let"). 

Soptembt-r 0th. 1895. Dunford ' Acid 
Kesc»rvoir water (near "out- 
let"). 

April 2nd, 1 SOB. Dunford Resor- Acid 
voir water (near *' outlet "). 



I 



0-42 



Xeutml 



0*42 



0'36 



0'3(J 



3*1 



Srd 4th 5th 
50 C.C. 50 c.c. .'0 c.c. 



Average. 



2-8 0*1 0*4 



2*4 I 00 



2-9 I 0*1 



0*1 



0-4 



0'6 i 0*6 0-6 



0*0 



0*3 



0*2 



0*6 



0*0 0*0 



0*3 



0*0 



00 



0*6 00 



0*44 



0*00 



0*4 0*6 0*5 0*36 



0*4 0*4 028 



0-56 
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Survey No. 12. 

HALIFAX CORPORATION WATERWORKS. 

Source of the Water Supply and General Description 

OF THE Waterworks. 

The waterworks derive their supply from the Hebble, Luddenden, 
Widdop, and Greave Valleys. 

The Off den Reservoir is situated ia the Hebble Valley, and receives 
the drainage of 1,140 acres, and holds 221,800,000 gallons of water, of 
which 990,000 are daily discharged down the stream as compensation 
water. Leaving the reservoir, the conduit for conveying the water 
to Halifax passes through Mixenden, and finally empties itself into 
Ramsden Wood Reservoir. From Ramsden Wood the conduit proceeds 
to the Albert and Victoria Reservoirs for distribution in the Borough. 

Ogden Reservoir is supplied w^ith water from Ogden and Skirden 
Cloughs, and from a cutchwater conduit, which is over a mile in length, 
and collects the water from the south side of the gathering ground. 

The Flf/, the Upper Dean Head, arid the Lower Dean Head 
Reservoirs are constructed on the Luddenden Brook. 

Fly Reservoir Q.on\Am% 193,251,000 gallons, has a drainage area of 
919 acres, and is situated at a level of l,3oO feet above the sea. Its 
main source of supply is from a catchwater drain \\ miles long. 

The Upper and Lower Dean Head Reservoirs are constructed 
lower down the valley, near to Castle Carr. They contain together 
122,165,000 gallons, and have a drainage of 525 acres. Lower Dean 
Head receives its water from Upper Dean Reservoir, which derives its 
sujjply chiefly from two mountain streams. 

The compensation water amounts to 1,440,000 gallons per day, and 
is chiefly obtained from Fly Reservoir. 

The conduit from these reservoirs passes down the Luddenden 
Valley, and finally into Ramsden Wood Reservoir, at which point it 
joins the Ogden system. 

The Widdop Reservoir is constructed on the Widdop stream, and 
also receives, by means of a tunnel, the waters of the Greave Valley, 
so that there is one reservoir for the combined drainage of two valleys. 
The drainage area is 2,223 acres, and the reservoir contains 640,511,000 
gallons. The amount of compensation water is 1,620,000 gallons per 
day. The water from the reservoir is conducted by 'pipes and tunnel 
to Shore End Wood, where it joins the Luddenden system. 

It will be seen from the foregoing that there arc three systems of 
water supply, namely, the Ogden system, the Fly and Dean Head 
system, and the Widdop and Greave system. The two latter unite at 
Shore End Wood, and discharge into Ramsden Wood, which reservoir 
also receives the Ogden water. The water from these three systems, 
after mixing in Ramsden Wood, is passed through wire gauze in a 
screen chamber, and then carried in a conduit to the service reservoirs 
for distribution in the town. 

The following notes on Halifax Corporation Waterworks are of 
interest : — 

Rainfall. 

Average yearly rainfall in Halifax : — For 1895, 38*03 ins. ; for 1895, 
45'62 ins., on the gathering grounds. Taking Warley Moor as a type, 
the average yearly rainfall at Worley Moor for the last 41 years, ending 
1894, was 46-57 ins. 



HALIFAX CORPORATION WATERWORKS. 
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Capacities, ^c, of the Chief Retervoirs. 



Reservoir. 


Capacity. 


Depth. 


Area. 


Height above 
Sea Leve). 


Storage. 


Gallons. 


Feet. 


A. 


R. P. 


Feet. 


Widdop - 


640^11,000 


65 


93 


29 


1,050 


Fly - - 


198,251,000 


80 


67 


3 80 


1,350 


Upper Dean Head 


59,148,000 


54 


9 


2 88 


1,000 


Lower „ „ 


68,012,000 


60 


9 


5 


975 


Ogden ... 


221,806.000 


66 


35 


82 


980 


oefnc6. 












Bamsden Wood - 


11,295,000 


> 21 


8 


27 


850 


Alhert - 


27,841,000 


^ 14 


7 


2 25 


794 


Victoria - 


12,209,000 


14 


2 


8 SO 


793 



Drtxinage Areas, 

Ogden .... 

Fly and Upper and Lower Dean Head 
Widdop and Greave - - - 



1,140 acres. 
1,444 „ 



Consumption of Water for 1895. August, 
112,389,624 gallons (exclusive of compensation water). 

Daily rainfall during the month of August 1895 at Castle Cair 
Lodge (near Warlej Moor), and weekly rainfall during the Fame month 
at Warlej Moor : — 





Castle Carr 


Warley 




Castle Can- 


Warley 


1896. 


Lodge. 


Moor. 


1S95. 


Lodge. 


Moor. 




DaUy. 


Weekly. 




Daily. 


Weekly. 




ins. 


ins. 




ins. 


ins. 


August Ist 


•04' 


— 


Aagast 18th 


•00 


— 


„ 2Dd 


•09 


— 


„ 19th 


•00 


•97 


„ 8rd 


•18 


... 


„ 20th 


•00 


— 


„ 4th 


•04 


._ 


„ 2l8t 


•01 




„ 5th 


•00 


•39 


„ 22Dd 


•01 


— 


„ 6th 


•17 


— 


„ 23rd 


•46 


— 


„ 7th 


•00 


— 


„ 24th 


•04 


~.. 


„ 8th 


•09 


_ 


., 25th 


•23 


—m^ 


« 9th 


•01 


.. 


» 26th 


•48 


•87 


„ loth 


•46 


_ 


.. 27th 


•07 


-^ 


» nth 


•66 


_ 


„ 28th 


•16 


m— 


,. 12th 


•04 


1^88 


„ 29th 


•04 


._ 


„ 13th 


•87 


_ 


„ snth 


•(M) 


—. 


« 14th 


•47 


^. 


„ 31st 


•00 


•98 


15th 


•02 
•01 










„ 16th 


^,„^. 




4 -15 ins. 


5-04 ins. 


« 17th 


•00 


■— 


1 
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[ Notes on the Characters of the Gathering Grounds. 

Ogden Sgstem,^^The gathering ground is composed of moorlandi and- 
\ the geological formation is millstone grit. The vegetation is coarse 

[ pasture grass on the lower slopes of the hills, and heather on the heights. 

\ The surface soil is peaty, but generally speaking peat U not very 

abundant^ either superficially or in depth, except on the higher and 
flatter portions of the gathering groumJ, and particularly tc^ards the 
north-west. 

The area drained by the catchwater ct)nduit and Sklrden Clough is^- 
on the whole, very free from peat.- Ogden Clough, on tbaothec.haad, 
drains land eontaining much more peat, and this 4s especially the case 
towards the source of this, the maia feeckr to Ogden Reservoir. 

The slopes of the hills are precipitous, and the rain falling on the 
surface is rapidly carried into the storage reservoir. 

There are but few places on this gatb^ing ground where, the r^in 
saturates the soil, and' lies stactdanf in peaty or marshy pools. ^ 

Skirden and Ogden Cloughs are remarkable in that for the greater 
portion of their course they are bounded by very precipitous hill 
slopes, and, in fact, run on rocky and sandy beds at the foot of deep 
gorges. The soil covering these steep M\l sides is very thin, and in 
many places the underlying rock breaks through to the surface, The 
denudation is great, especially in storm time, and although no doubt 
much peat is washed into the waterworks, there is also a lat-ge quantity 
of rock and sand carried from the sides of the hills down the beds of the 
various streams. The importance of this lies in the fact that in all 
probability the rock and sand exercise some neutralising action on the 
peaty water. "^ 

On most moorland gathering grounds spring water is small in amount, 
and surface peaty water very abundant. The Ogden system of water 
supply is no exception to this rule, but it may be said that the proportion 
of spring water is above the usual average. 

Fly atid Dean Head. System, — For the purposes of description, this 
system must be sub-divided. 

Fly System. — The gathering ground is composed of waste moorland, 
and the amount o£ peat is simply enormous. In many places the peat 
beds are over 10 feet in thickness, and the whole of the drainage area is 
covered with a layer at least 2 feet deep. 

There is little or no pasture grass, and the only vegetation appears to 
be heather and moss. 

The drainage area is situated at a height of over 1,500 feet above sea 
level, and can only be described as a huge fiat peat bog. 

Underneath the peat are beds of clay, which prevent the water from 
escaping readily from the peat in a downward direction. This, together 
with the fiatness of the ground, allows the rain to not only saturate the 
soil, but also to accumulate in hollows, forming peat and bog holes. 

There is practically no spring water, the supply being obtained from 
til a alow filtration of the rain through great thicknesses of black peat. 

Fortunately this supply is chiefly used for compensation purposes. 

Dean Head System. — Although this system adjoins the preceding, it 
differs from it in many important respects. 

It is situated on a lower level, there is much less peat, and it 
resembles the Ogden gathering ground in that the slopes from which 
the water drains are very steep. 

This drainnge area, indeed, resembles the Ogden one in many ways ; 
thus the peat beds are thin, the water runs rapidly off the hills into the 
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waterworks, and there is a fair proportion of spring water. Further, 
there is but little clay underlying, the surface soil, the geological forma- 
tioD is millstone grit, and there are but few areas where the rain 
saturates the soil and sta^ates therein. 

Widdop Sjfstem, — This system receives its water supply from the 
drainage of two moorland valleys known as Widdop. and &reave. 

There is a sparse distribution of peat over the whole of the drainage 
area, but nowhere is its depth g^eat. 

Hough pasture grass as well as heather covers the surface, and 
beneath the more or less peaty soil is millstone grit. 

The slopes trfthe* hills are sufficiently steep to 'permit of the water 
being .stored in balk rapidly, and to prevent the rain from accumulating 
in hollows or depressions. 

Although -the water derived from surface drainage is great in 
amount, there is also enough spring water to yield a good dry weather 
flow. ... 

The Greave Valley gathering g'round ia perhaps not so satisfactory as 
the Widdop drainage area. 

' CmiuUtions^ found to exiH on ihe^ Gaihering Grounds on Attgust 29/A 

and 30ih, 189«5. 

Owing to the preceding dry weather the conditions were not very 
favourable, the water in most of the feeders representing the dry 
weather flow. 

Lacmoid was used to test the reaction of the various feeders. This 
is a very delicate test for acidity in the case of moorland waters. 

Ogden System, — Ogden Reservoir was te.sted at various points, and 
the water was found to have a veiy faint acid re -action. 

The water in the catch water conduit was neutral, and the water, 
in Skirden and Ogden Cloughs was practically neutral. The water, 
however, running in these*' feeders represented the dry weather flow, 
and it is quite possible that in storm time, when the amount of surface 
water would be greatly increased, that diflerent results might be 
obtained. The faint acidity of the reservoir water points to the 
probability of the inlet streams being normally, slightly, or occasionally 
distinctly acid. 

Fly System. — The water in Fly Reservoir was found to be very acid, 
and the water in the catch water drain was also distinctly acid. Owing 
to the drought the water in th^ depressions in the peat was in most 
cases dried up. Many places were found, however, where water, after 
Altering through the peat, trickled out at a lower level. In all cases this 
water was very acid. 

Dean Head Systetn. — ^^fhe .water in Upper and Lower Dean Head 
Reservoirs wf^ tested at various points and found to be only very 
slightly acid in reaction. The two inlet streams to Upper Dean Head 
Reservoir were also tested, and found to be practically neutral, but the 
flow in them only represented the dry weather flow. 

Widdop System, — The water in Widdop Reservoir was found to be 
appreciably acid, but the water in Widdop Stream, which was small in 
amount owing to the drought, was practically neutral. The water frcm 
the Greave Valley contained tr.ice5 of acid. It is more than probable 
that the Grenve and Widdop waters would be sensibly acid in storm 
time. 

The water in Ramsden Wood Reservoir was neutral. As has been 
already explained, this water is a mixture of the water supplied from the 
three systems — Ogden, Fly and Dean Head, and Widdop and Greave. 

K 2 
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Samples of water TTero collected for more detailed exam inai ion from 
Lower Dean, Ogdcu, Fly, and Widdop Reservoirs, and from the- 
Greave Valley conduit, and from the catchwater drain to Fly Reservoir^ 
The results are given in an accompanying table, and tliey may be 
described briefly as follows : — 

Lower Dean Head Reservoir water was practically neutral, and free- 
from plumbo-6olvent ability. 

Ogden and Widdup Reservoir waters were slightly acid, and acted 
appreciably on lead. 

The water from the Greave Valley was only very faintly acid, and 
its action on lead was inconsiderable. 

The waters from Fly Reservoir and its catchwater drain were found 
to be exceedingly acid, and to have a strong plnmbo-solvent ability. 



Remarks on the Results yielded by the Chemical Examination of the 
Waters in reference to the observed Characters of the Gathering 
Grounds, 

It is to be noted that the characters of the gathering grounds of the 
Ogden, Dean Head, Widdop, and Greave systems were shown to be 
comparable in many respects, e.^., as regards the comparative scarcity 
of peat, &•*., &c. So also the chemical examination of these waters, 
showed that they were very similar in certain important respects, e.g.^ 
as regards the slight amount of acidity. 

The Fly system, however, differed materially from the above in the 
characters of its drainage area. Thus it was shown that the amount of 
peat on the gathering ground was very great, and the chemical results 
showed that the water was extremely acid. 

It appears, then, that the chemical results are in accordance with the 
observed characters of the gathering grounds ; and it seems as if the 
greater or less amount of peaty water accounted for the greater or less 
acidity of the various waters. 

Passing briefly iu review the various systems, the following points are 
worthy of notice. 

Ogden System. — The acidity of the reservoir water is readily accounted 
for by supposing that Ogden and Skirdew Cloughs supply it with acid 
peaty water in storm time. It is the rule to flnd a mountain stream neutral 
during its dry weather flow and acid during storm time. That the 
reservoir was not more acid is to be accounted for by certain redeeming 
features on this moorland drainage area. These have been already 
alluded to, namely, the precipitous slopes of the hills, the shallowness of 
the peat beds, the abrupt flow of the feeders along rocky and sandy 
beds subject to constant renewal by denuding agencies, the presence of 
spring water, &c., &c. 

The Dean Head and the Widdop and Greave systems resemble the 
above in most particulars. The Widdop and Greave system is not quite 
so satisfactory, however, as the Dean Head, and the reason seems to be 
that there is more surface ])eaty water and less spring water in the 
former system of water supply. 

Fly System. — The 'extremely acid condition of the resftrvoir water 

and of the catchwater drain is only to be expected from the 

characters of the drainage area, if it is assumed that peat is the cause 

of the acidity of moorland waters. For it has been shown that peat is 

very abundant superficially and in depth, and that the drainage from the 
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peat is Terj slow. Moreover, the redeeming features which have been 
alluded to in connexion with the Ogden sjstem are here absent to a 
large extent. 

In conclusion^ it is important to note that the mixed water from these 
various systems in Bamsden Wood Reservoir was neutral. 

Halifax Corporation Waterworks. 
Table 12.— Chemical Eesultt. 



I 

i. 

& 



Desotiption of the Sample of 
Wftter. 



Hardness 

(CaOO, 

Parts per 

100,000). 



a Lower Dean Head Reseryoir 
water at " outlet " Haliftuc Cor- 
poration Waterworks. August 
30ih, 1895. 

2 Offden Reservoir water at** out- 
I let" Halifai.Corporation Water, 
works. August 80tb, 18dS. 

^ Fly Reservoir water at "outlet** 
Halilkz Corporation Water- 
works. August 90tb, 1806. 

Catohwater drain at point of 
entrance to Fly Reservoir 
Halifaz Corporation Water- 
works. August 90th« 188ft. 

5 Widdop Reservoir water at 
"outlet" Halifax Corporation 
Waterworks. August 90th, 
1895. 
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Conduit from Greave Valley 
water, taken flrom near point 
of entrance to Widdop 
Reservoir, HatifiuL Corpora- 
tion Waterworks. August 
aoth,189S. 



Reaction 

with 
Lacmoid. 



Acidity 

in terms 

of c.c. 

,^..00. 

required 
to neu- 
tralise 100 
CO.. ol 

theWater 



Action on Lead (Results stated as ParU 

per 100,000). The action on Lead was tested 

Dv upward filtration through 80 gjo. washed 

Lead Shot at the rate of 8 mins. per 50 c.c. 



let 


2nd 


Srd 


4th 


6th 


50C.C. 


50C.C. 


60 CO. 


60 0wC. 

/ 


60 cc. 



Average. 



4-8 



4-6 



5*6 



71 



2*9 



3*8 



f -Trace acid 


PTrace 




acia. 


Faintly 
acid. 


Faintly 
acid. 


Very acid 


0*78 


Very add 


0-96 


Faintly 
acid. 


030 


Faintly 
acid. 


0-24 



' f Traces. 



ro 



0*6 



0*1 



01 



1 


Tni 


ices. 


1*4 


1*6 


1*8 


1*5 


2*0 


2*0 


0*2 


0-3 


0-3 


0-1 


0*1 


0*1 



1-8 



2*6 



0*3 



6-1 



1'6S 



1*70 



0*24 



O'lO 
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Survey No. 13. 

HUDDERSFIELD CORPORATION WATERWORKS. 

Source op the Water Supply and General Description op the 

Waterworks. 

The water supply of the Huddersfield Corporation is derived from 
gathering grounds lying at a distance of 3 to 7 miles south-west of 
Huddersfield. 

There are three separate sources of supply, viz. : — Longwood^ 
Wessendon, and Blackmoorfoot. The two former derive their water 
chiefly from hillside springs, and will not be described further. The 
latter, Blackmoorfoot supply, is wholly from moorland, and calls for 
a special description. 

The Blackmoorfoot Reservoir is situate on the south-west side of 
Huddersfield, at a distance of 4 miles, and at an elevation of 831 feet 
above sea level. The water from the gathering ground is conveyed into 
the reservoir by means of catchwater conduits constructed along the 
contours of the Pennine range of hills for a distance of 5^ miles. 
There are two embankments to the reservoir. The larger embankment 
is that on the north side, being 850 yards long, 400 feet wide at it^ base, 
and 70 feet high. The southern embankment is 500 yards long, 240 feet 
wide at its base, and 40 feet high. The main which carries the water 
from this reservoir to Huddersfield is laid from the north tunnel 
entrance. It is connected with the Longwood Reservoir main near 
Lougwood Station. The water from this main discharges into the 
Snodley Service Reservoir at West Hill, which is situated at a height 
of 500 feet above sea level, and is constructed io hold 1,250,000 gallons. 
From this service reservoir, water is distributed through the town, and 
is also taken forward along the Leeds road for the supply of Mirfield 
and Ravensthorpe. The main from the south tunnel entrance at 
Blackmoorfoot conveys the water to nine villages, and also to a portion 
of Huddersfield. 

There are sluices in connexion with ihe catchwater conduits to turn 
storm water to compensation. When the reservoir is low, however, \\ 
becomes necessary to utilise some, at all events, of the storm water. 

The following notes on Huddersfield Corporation Waterwoiks are of 
interest: — 

Rainfall, 

Inches. 
Average yearly rainfall at Blachnoorfoot Re/tervoir - 40 
„ „ „ on the gathering ground - 46 

Capacity, SfC. cf Blackmoorfoot Reservoir. 



Capacity. 


Height above 
Sea Level. 


Depth. 


Area. 


700.000,000 gallons 


Feet. 
831 


Ft. in. 
48 6 


A. B. p. 
101 2 35 



The available supply of water from Blackmoorfoot Reservoir for the 
town and neighbourhood is calculated at 3 million gallons per day, 
•xclusive of compensation water, which is given out daily during 12 
hours of every lawful working day at 841, GSO gallons. 
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siderab le diBtance in the body of water in the reservoir. 

IBlac kmoorfoot Eeservoir was tested at various points, and the w 
was f o und to be very acid. 
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1 

• 





:ie available supply of water from Blackmoorfoot Reservoir for the 
n and neighbourhood is calculated at 3 million gallons per daj, 
^elusive of compensation water, which is given out daily daring 12 
iiours of every lawful working day at 841, 6S0 gallons. 
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Drainage Area. — The drainage area of the Blackmoorfoot suppljr is 
1,9(X) acres. 

Daily Rainfall at Blackmoorfoot Reservoir from Jum 2bth^ 1895, to 

July 2oth, 1895, inclusive. 
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1895. 





i^aiDfall. 
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. 1895. 




Rainfall. 
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Notes on the Characters of the Gathering Ground, 

The Blackmoorfoot collecting ground is chiefl/ moorland, and tlie 
geological formation is millstone grit. 

The surface soil is peaty, and the depth of the peat is greatest on the 
higher and flatter portions of the gathering ground, and least on the 
lower and more abrupt slopes of the hills. 

The vegetation is for the most part heather and moss, but there are 
also areas — especially near the reservoir — covered with rough pasture 
grass. 

Although the slopes of the hills are in many places abrupt, and the 
drainage from the soil rapid, yet high up on the collecting ground there 
are areas where the rain saturates the soil, forming peat and moss pools, 
and marshy places. 

Like most moorland water supplies the Blackmoorfoot supply 
contains comparatively little spring water, and a large amount of water 
derived from surface drainage. The dry weather flow is consequently 
small in amount, and the flow in wet weather very great. 

In conclusion ; it is to be noted that the characters of the gathering 
ground are such that the bulk of the water draining into the waterworks^ 
1% derived from the surface drainage of land unquestionably peaty. 



Conditions found to exist on the Gathering Ground on July 25/A, 1895. 

:>4,On July 25th there was a very heavy storm, following on a period of 
drought. Brow Grain Clough and the catchwater conduits were 
mnniug in high flood, and the water entering the reservoir was enormous 
ill amount, and so turbid that its course was clearly outlined for a con- 
siderab le distance in the body of water in the reservoir. 

Blac kmoorfoot Eeservoir was tested at various points, and the water 
was fo und to be very acid. 
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The water in Brow Gkmiu Cloogh and in the catch water conduits was 
very acid, and the water in the smaller streams supplying the conduits 
was, when tested, found to have a similar reaction. 

Owing to the severily of the storm, observations were difficult, but so 
far as could be seen the vast bulk of water entering the waterworks was 
derived from the drainage of very peaty soil. 

It was found impossible to visit the other gathering grounds, which 
mattered the less as the Blackmoorfoot supply is the only moorland one, 
the oiher sources of supply to Huddersfield being chiefly from hillside 
springs. 

Samples of water were obtained for more detailed examination from 
the catchwater conduit at its entrance to the reservoir, and from Black- 
moorfoot Beservoir near the outlet. Subsequently samples of water were 
obtained from Upper Longwood Reservoir, as representing the spring 
water supply to Kuddersfield, and from Blackmoorfoot Reservoir and its 
catchwater at a time when the rainfall was not excessive, to serve as a 
comparison with the original samples. 

Tlie results are given in an accompanying table. 

It is to be noted that on July 25, 1895, the reservoir water was not 
nearly so acid, or possessed of so great an action on lead as the water 
from the catchwater. On April 1, 1896, the conditions were reversed. 
The waters were harder than is usually found in moorland supplies. 
Longwood Beservoir water was neutral, and free from plumbo-solvent 
ability. 

As regards the waters which were tested for their reaction on the 
gathering ground, but which were not submitted to a more detailed 
examination, it is to be noted that when a water gives an acid reaction 
with lacmoid, it will dissolve lead under laboratoxy conditions of 
experiment. 



Remarks on the Results of the Chemical Examination of the Waters 
in reference to the Observed Characters of the GatJiering 
Ground, 

Owing to the heavy storm which broke over the gathering ground on 
July 25, 1895, after a period of drought, the catchwater conduits con- 
tained an enoimous amount of very turbid and peaty water. As might 
have been anticipated, this water was found to be very acid, and it 
reaUy represented what may conveniently be called the '* first washings " 
of the peat. A sample obtained at a later date and during the dry- 
weather flow, was very much less acid. Although the foul water 
entering the waterworks on July 25, 1895, does not represent the 
normal state of things, yet its quality on that occasion was so bad as to 
be capable of contaminating a very large body of water. Hence it is not 
surprising to find that both the reservoir samples of vrater were dis- 
tinctly acid. Moreover, it is to be noted that even during the dry- 
weather flow the catchwater conduit was supplying the reservoir with 
acid water It appears that Blackmoorfoot Reservoir normally contains 
a water that is acid and acts on lead, and the reason lies in the 
characters of the watershed. It has been shown that the gathering 
ground is ^ery rich in peat, that spring water is not abundant, and, 
generally, that the conditions are such that the bulk of water entering 
the waterworks is necessarily contaminated with peat. 

In conclusion, it is to be noted that the chemical results are quite in 
keeping with the observed characters of the gathering ground. 
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HUDDEBSFIELD CORPORATION WATERWORKS. 

Tablb IZ.-^Chemical Results. 



s 

1 

M 

pq 



Description of the Sample of 
Water. 



Reaction 

with 
Laomoid. 



Addityin 
Terms 
of ox. 

required to 

neutndise 

100fro.of 

the Water. 



Hard. 



(OaCO. 

Parte 

per 
100,000). 



Action on Lead (Results stated as Parts 

per lOOjOOO) . The action on Lead was tested 

by upward filtration through 00 o.c 

Lead Shot at the rate of S mios. per 60 co. 



1st 
60 ex. 



2nd 
60 ce. 



Srd 

80 ac 



4(h 
80 ex. 



8th 
80 ex. 



Afemge 



2 



3 

4 
8 



July 26tb, 1806. filackmoorflioot 
Reserroir (near "ontlet"). 

July 28th. 1803. (3atchwater 
oonduit water at point of 
entrance to Blaokmoorfoot 
Reserroir, storm water. 

A ugust 18th. 18 06. Upper Long- 
wood, luseifoir water. 

A«il 1st. 180a Blaekmoorfoot 
Keserroir (near " outlet "). 

A|jril 1st, 1806. Oatehwater 
conduit water at point of 
entrance to Bladanoorfcot 
reservoir. Dry weather flow. 



Acid 
Acid 

Neutral 
Acid 
Acid 



0*86 
0-84 

Neutral 
0*66 
0*48 















7*0 


0*2 


0-8 


0*4 


0*6 


0*6 


7-0 


0*6 


1*2 


1*4 


1*4 


1*4 


8*7 


0*0 


0-0 


0-0 


0*0 


0*0 


— 


0*4 


0*6 


0*8 


0-8 


0*8 




0*2 


0*4 


0*6 


0*6 


0*6 



0*88 



VI 



0*00 



O'i 



O'i 
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Survey No. 14. 

KEIGHLEY CORPORATION WATERWORKS. 

SouBCE OF Wateb Supply and General Description of the 

Waterworks. 

The water supply of the Kelghley Corpoi-ation is derived partly from 
spilngs known as the Janet'^ Well, Park Wood, aiid Castle Hill 
Springs, all situate within the borough, and partly from the Water- 
sheddels gathering grounds on the Stanbury and Trawdon Moors, 
situate at a distance of 7 miles west of Keighley. The Wuter-sheddels 
Bupply will bo the only one described here. 

Water-iheddeh Gathering Grround* — This is a moorland gathering 
ground, and the water draining from it constitutes the main source of 
■ Supply to Keighley. The water is stored in a reservoir known as Water- 
sbeddels, and^ after filtration, is carried to the service reservoirs for 
distribution in the borough. More in detail, the arrnng^tnents for the 
collection of water are as follows : — Water-sheddcls Resen-oir is 
situated at a height of 1,100 feet above sea level, and is supplied 
with water from the following sources : — 

(1.) Dean Clough Conduit, which extends for a distance, of l^ miles, 
and collects the water from a large area of moorland known 
as Oakworth Moors, opens at Water-sheddcls into a conduit 
(" North Conduit "), which is carried along the north side of 
the reservion 
(2.) Ponden Kirk Conduit extends for a distance of 1^ miles, and 
gathers the water draining from Stanbury Moor. It opens 
into the conduit which runs along the south side of the 
reservoir (" Ark Hill Conduit "). 
The above constitute the chief sources of supply to the reservoir. 
North Conduit receives, as well as the Dean Clough water, a small 
amount of water from Great Moss, from a stream draining moorland 
near the north-west angle of Water-sheddels. The south or Ark Hill 
Conduit receives, besides the Ponden Kirk water, a considerable amount 
of water from a number of feeders which drain moorland on the south 
side of the reservoir. Three small streams are piped directly into the 
south side of the reservoir, and some water also gains access to the 
waterworks from peaty swamps at the north-west and south-west angles 
of the reservoir. North Conduit and Ark Hill Conduit unite below the 
reservoir embankment, and their storm and overflow water is carried 
down the Worth valley into the Ponden Reservoir, which is a mill- 
owners' reservoir made in lieu of giving daily compensation water. 

The water from Water-slieddels Reservoir is filtered through coke, 
then through filter beds containing ground sandstone, broken sandstone 
and limestone, and, firally, through beds of polnrite. After leaving the 
filter beds, the water is conveyed into a storage reservoir, from thence it 
is piped — part to the service reservoirs and part direct for distribution 
in the borough. 

The Corporation own the land immediately bordering the reservoir, 
and the watershed is free from ail sources of pollutiou. 

The followings notes on Keighley Corporation Waterworks are of 
interest : — 

RainfalL 

Average yearly rainfall in Keighley, 37*12 inches. 

„ „ on the Sheddels gathering ground, 48 inches. 
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Cdpaciti;^ S^, of Water-sheddeU Reservoir, 



Capacitv. 



Top Water Level. 



Depth. 



Gallons. 
Ji56,000>000 




Area. 



Acres. 
27 



Drainage Area. 
Watcr-sheddels gathering ground, 1.600 acres. 

^ , J Consumption of Water. 

About ?5 gallons per' head per day, includiog the amount, reckoned 
at about S'^g^ltons per head per da j, required for trade purposes. 

Daily rainfall on iWater-sheddels Gathering Ground from August 
27, 1894, to September 27, 1894, inclusive. 



1894. 


Inches. 


1894. 
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Inches. 


Aagust 27th 
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September 1 2th 
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. 


mmm^ 


»f 


29th 


- 


— 


»i 


14th 
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26th 




— 




11th .' 
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^^ 


»t 


37th . 


~ 


— — 



Notes on the Characters of the Gathering Ground, 

Water-sheddels gathering ground is wholly moorland. The amount 
of peat Tariea considerably on different poitions of the collecting 
ground. In depth it varies from 1 to 6 feet, or even more, and is 
perhaps most abundant on the south side of the reservoir. Tho vegeta- 
tion i9 chiefly heather and moss, but here and there on the gathering 
ground are areas covered with the growth of rough pasture grass. 
The amount of water derived from the surface drainage of peaty soil ia 
very great in storm time. Fortunately the dry weather flow from hill- 
side springs is fairly good, and this spring water probably counterat!ts 
to a considerable extent the evil effects of the peaty water which gains 
access to the waterworks in storm time. The slopes of the hiUs on 
X)ortions of the drainnge area are not sufficiently steep to prevent the 
water from stagnating in peaty swamps and marshy places^ and it is in 
these very places that the peat appears to be most abundant, aupeiff- 
cially and in depth. The befd of Water-sheddels Reservoir is peaty, and 
a considerable amount of peat is washed into the reservoir during 
floods. 
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The rock underlying the surface soil is chiefly flatstone or millstone 
foimatioo. 

In conclutiion it is to be noted that the characters of the gathering 
ground are such that the bulk of the i\'ater draining into the waterworks 
is peat J. 

Conditions found to exist on tlie Gathering Ground on September 2*1 th^ 

1894. 

The conditions were not normal as regards the rainfall on September 
27th. Owing to the drought most of the water derived from surface 
drainage was dried up, and the water entering the waterworks represented 
the dry weather flow. The rainfall from August 27th to September 27th 
is given in an accompanying table. Lacnioid was used to test the 
reaction of the various waters, and it is to be noted, in the case of 
those waters which were not submitted as well to tests as to their action 
on lead, that when a water gives a neutral reaction with lacmoid It 
will not dissolve lead to any appreciable extent, but that when it gives 
an acid reaction with this reagent it posesses plumbo- sol vent ability — 
under laboratory conditions of experiment. 

Water-sheddels Reservoir was tested at various points and the water 
-was found to have a distinctly acid reaction. The i*eservoir water after 
filtration was neutral. The water in the North, Dean Clough, Ponden 
Kirk, and Ark Hill Conduits was neutral in each instance. As regards 
the smaller feedeif, some of them were quite dry, and most of them 
contained only a small amount of water chiefly from hillside springs. 
For the purposes of description these are numbered on an accompany- 
ing map. Briefly stated the results of the te:«ts were as follows : Only 
one feeder — No. 13 —was acid, all the others were neutral, viz , Nos. 2, 
3, 4, 6, 6, 7, 8, 9, 10, 11, 12, 14, 15. Of these 6, 8, and 11, oonuined 
chiefly ferruginous spring water. 

Samples of water were collected for more detailed examination from 
V/ater-sh(Hldels Beservoir, No. 13, peaty feeder, and from the filter beds. 
After filtration the water from the reservoir was neutral and had no 
action on lead. Water-sheddels Reservoir water nnd the water from 
No. 13 peaty feeder were distinctly acid and pos:sesscd considerable 
plumbo-solvent ability. These results are shown in an accompanying 
table, whic*.h also shows the results of the examination of various waters 
obtained subsequently. Reference to this table will be made in the 
following paragraph. 

Remarks on the Results yielded by the Chemical Examination of the 
Waters in reference to the Observed Characters of the Gathering 
Ground, 

The characters of the Water*sheddels gathering ground are such that 
it might be expected that the stoi*age reservoir would contain acid water. 
This was found to be the case, but the question arises as to why the 
reservoir water should be acid when all — with a single exception — the 
feeders entering the waterworks were neutral. The explanation 
appears to lie in the fact that on September 27th, 1894, the streams 
were nearly dry, and contained chiefly spring water and very little 
water derived from the surface drainage of peat On the 28th October 
1894, Dr. Scatterty, the medical officer of Keighley, was kind enough 
to visit the gathering ground, and to make certain tests at Dr. Houston's 
suggestion, details of which are given below. Prior to the above date 
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heavy rains Imd fallen on tlie gathering ground, and in consequence 
the feeders contained a large amount of j)eaty water. Dr. Scatterty 
found the re8er\'oir water acid, and all the feeders (enumerated in the 
preceding paragraph) acid as well, with the exception of Nos. 6, 8, and 
1 1, which contained chiefly ferruginous spring water. It appears then 
that Water-sheddels Reservoir is supplied with neutral water during 
dry weather, when the streams contain chiefly spring water and very 
little surface water, and with acid water during flood time, when the 
proportion of surface peaty water to spring water is greatly increased. 
On November 17th, 1894, various samples were obtained, and they 
yielded, on examination, the following results : As before, the reservoir 
water was very acid, and. acted decidedly on lead, and the water, after 
leaving the Alter beds was neutral, and free from plumbo-solvent 
ability. The other samples were very acid, with the exception of the 
water from the North Conduits, feeders No. 8 and 11, the feeder to the 
north-west angle of the reservoir, and Fonden Kirk Conduit, which 
were neutral. Judging from the characters of the gathering ground it 
is more than probable that the water in Ponden Kirk and Dean Clough 
Conduits is acid during certain periods of a stonu, it may be at the 
commencement when the streams contain the '^ first washings" of the 
peat. Continuing the description of the chemical results, the following 
points are to be noted : Altogether 14 samples of reservoir water were 
tested, and although obtained on widely different dates yielded the 
same riesults, inasmuch' as the water always possessed considerable 
acidity and plumbo-solvent ability. The reservoir water, after filtration, 
was in all cases practically neutral, and free from any serious action on 
lead. Jt is to be noted that the * filtration appreciably " hardened " the 
water. 

As regards the reservoir water tbc action on lead varied much more 
than the acidity, and a ri&e or fall in the acidity did not always 
correspond with a rise or fall in the plumbo-solvent ability. 

At Dr. Houston's suggestion Dr. Scatterty carefully tested the re- 
action of the water from the main in his house. These tests wei*e 
made during the early part of the year 1895. About 50 tests were 
made altogether at first daily, and afterwards weekly. The water was 
invariably found to have a neutral reaction. 

' In conclusion it is to be noted that the chemical results correspond 
very closely with the observed characters of the gathering ground, and 
they show that water draining from peat is to be associated with acidity 
and plnmbo-solven ability, and water derived from moorland springs is 
to be regarded as likely to be neutral and free from action on le^id. 

Keiohlet Corporation Watkrworks. 
Table 14. — Chemical Results, 
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DeKription of the 

Sample of Water. 

« 


Reaction 

with 
Lacmoid. 


Acidity 

in Terms 

of CO. 

YoNagOO, 

required to 

neutralifle 

100 o.a of 

the Water. 


Hardness 
(GaOOs 
Farttper 
100,000). 

1 


Action on Lead (Results stated as Parts 

per 100.000) . The action on Lead was tested 

by upward filtration through 60 c.c. 

washed Lead Shot at the rate of S mins. 

per 60 ox. 


1 


1st 
60 cc 


2nd 
60 ex. 


8rd 
60 cc 


4th 
60 cc. 


6th 
60 cc. 


Average. 


1 


Sept. 28,1894. Water- 
■heddek Reienroir 
water. 

Sept. 28, 1894. Peaty 
feeder (No. 18) to 
Ark Hill Condnit 
Water-aheddels Be- 
■orvoir. 


Acid 
Acid 


0*46 
0*60 


2'S 


0*2 
0*4 


0-7 
0*8 


0-9 
0*9 


1*2 
0*9 


1*2 
1*0 


0*84 
0*80 



i 
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• 

Desc^ptionofthe 
Sample of Water. 

• • 


• 

Rfsaetion 
' with 
Lacmoid 


Acidity 

in Terms 

ofcc 

^ Na,Coa 

rogniredto 
neutralise 
100 e.0. of 
the Water. 


Hardness 

(CaCO, 

Parts peir 

loaooo). 

■ 


AoHon on Lead (Results stated as Parts , 

perl00,000). The action on Lesd was terted 

Vy upward filtration through 60 cc. 

wadied LcMl Shot at the rate of 8 mins. 

per60c.o. 


I 


1st 
90c.e. 


2nd 
600.C. 


8rd 
80e.e. 


4th 
80e:c. 


8th 
50 ex. 


Average. 


s 


• 

Sept; tt. 1804. 'Water- 
sbeddels Reservoir 
wMer, after flICra- 
tion. 


Neutral 


N^atiml 


4-7 


0*0 


0*0 


0-0 


0-0 


0-0 

• 


0-00 
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Nov. 17,1804. Peatr 
f«der (No. 18) to 
Ark Uili Conduit' 
Waiter^heddels Re- 
••rvoir. 


-Aoi9 

■ r 


0*7«. 
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- 






• 




.5 


Nov. 17/1884, Water! 
enterins Water- 
sheddois Reservoir 
fsom conduits on 
north side. 


' Neuival 

• 


Neatral. . 
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• 
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tf • . 
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Nov.«l7, 1804: Ferrh- 
sinous sprinc water 
?Nall)toA"rkmil 
Oimdiiit. Wat«r. 
sheddels Reservoir. 


Neotnl 

1 


Neutral 


. . 


^M 


» ■ 
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Nov. 17, 1804. Peaty 
feeder (No. 10) to 
Ark HiU Condnlt. 
Watersheddels Re- 
servoir. 


Acid 


0*00 
















8 


Nov. 17, 1894. Ark 
Hill Ck>ndnit water 
before mizinR with 
Ponden Kirk Con- 
duit water. 


Acid 


0*7« 
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Nov. 17.1884 Ponden 
Kirk Conduit water 
(No. 16) to Water- 
sheddels Reservoir. 


Neutral 


Neutral 


' 


- 


♦ 


" 
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Nov. 17. 1804. Peeder 
to N.W. angle of 
Wator-sheddels Re- 
servoir. 


Neutral 


Neutral 




" 






« 






11 


Nov. 17, 1804. Perru- 
ginous spring water 
(No. 8) discnarging 
into south side of 
reservoir. 


Neutral 


Neutral 












1 




12 


Nov. 17, 18U4: Water 
from peaty swamp 
(No._4) 8.W. angle 
of Water-sheddels 
Reservoir. 


Acid 


0*48 


* 














18 


Nov. 17, 1804. Peaty 
feeder (No. 8) dis 
charging into south 
side of Water- 
sheddels Reser\'oir. 


Acid 


0-78 
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Nov. 17, 1804. Water, 
sheddels Reservoir 
water. 


Acid 


0*64 


8-8 


0-2 


1-6 


.2-0 


2*4 


2*4 


1-72 


16 


Nov. 17,1804. Water- 
sheddels Reservoir 
water, afier flltin- 
tion. 


Neutral 


Neutral 


4-6 


0-0 


0*0 


CO 


0-0 


0-0 


O'Oft 


16 


Peb. 8, 1805. Water- 
sheddels Reservoir 
water. 


A 


lR accident h 


appened to t 


hebott 


e,andi 


10 tests 


were IS 

1 


sde. 

1 
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o 

B 

•c 

ts. 

M 



Description of the 
Sample ofW&ter. 



Seaetion 

with 
Lacxnpid. 



' Aeidity 
in Terms 

of C.C. • 

required to 
neutrallM 
100 0.0, of 

the Water. 



Hardness ! 
(CaOO,' j 
Farts>per 
100,000). 



17 Peb. 8. 18»S, Water- 
sheddela Reservoir 
water, nttnr flltra- 
tioti. 

» 

18 Mar 17, 1805. Water- 
sneddtfls Besenroir 
water. 

19 11^17.1806. Water- 
neddels Reseriroir 
water, after filtra- 
tion. 

50 Ma/ 27, 1886. Water- 
sneddels Reservoir 
water. 

21 Mi^ 27. 1806. Water, 
sneddels Reservoir 
water, after filtra- 
tion. 

Jane 6, 1896. Water- 
sfaeddels •Reservou' 
water. 

June 6.1896. Water- 
sheddels Reservoir 
water, after filtra- 
tion. 

24 JnlT 0. 1895. Water- 
sneddels Reserroir 
water. 

26 Jaly 9. 1886. Water- 
sheddels Reservoir 
water, after filtra- 
tion. 

26 Auff. 17, 1896. Water- 
sneddels Reservoir 
water. 

27 Auff.17,1896. '^ater- 
sneddels Reservoir 
water, after filtra- 
tion. 

28 Sept. 2.1895. Water- 
sheddels Reservoir 
water. 

Sept. 2, 1896. Water 
sheddels Reservoir 
water, after filtra- 
tion. 

80 Sept. 9, 1896. Water- 
sheddels Reservoir 
water. 

51 Sept. 9, 1896. Water, 
sheddels Reservoir 
water, after filtra- 
tion. 

82 Sept. 29, 1896. Water- 
sheddels Reservoir 
water. 



Neutral 



Acid 



Neutral 



Acid 



Neutral 



Acid 



Nentnl 



Acid 



? trace acid 



Acid 



Faint trace 
acid. 



Acid 



Faint trace 
acid. 



Acid 



Faint trace 
acid. 



Acid 



Neutral 



0*64 



Neutral 



0*48 



Neutral 



0*64 



Neutral 



0*48 



f trace acid 



0-80 



Faint trace 
acid. 



0*48 



Faint trace 
acid. 



0-60 



Faint trace 
acid. 



0-48 



4-8 



S*64 



4*9 



8*8 



4-9 



8*92 



6*46 



8*92 



4-78 



4-06 



4-48 



8-9 



4-8 



4-0 



4*6 



8*8 



Action on Lead (Results stated as Parts 

per 100,000) . The action on Lead was tested 

by upward filtration through 60 cc. 

'.washed Lead Shotrat the nt6 of Smins. . 

per 60 cc. 



1st 
80cjo. 



2iid 
6UC.C. 



Srd 
60 cc. 



4th 
60 cc 



6th 
60 cc. 



O'O 0*0 



O't 



0*9 



O'O O'O 



0*4 



0*0 



0*4 



0-0 



0*4 



0-6 



0*0 



0*8 



0*0 



O'O 



0*4 



0-8 



0-2 



0*4 



0*4 



0-8 



0*2 



0-4 



Faint traces. 



1*2 



Vi 



Faint trafKs. 



0*6 



Faint 



1*0 



0*8 



1*0 



Fsint traces. 



0*6 



0-8 



00 


0-0 


0*0 


1 


ro 


1*1 

• 


O'O 


0*0 


0*0 


0-8 


0-8 


1*0 


1 


»• 


. 


.0-0 


0*0 


o;o 


0-8 


1*0 


1*2 


0*0 


0-0 


ro 


0*6 


0*8 


0-8 



AYongfi. 



0-00' 



1-2 



0-8 



1*2 



0*8 



0-94 



0-90 



0-72 



0*00 



0*84 



0-00 



0*64 



0-06 



0*66 



0*86 



0*66 
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^ 


Description of the 
Sample of Water. 


Reaction 

with 
Lacmoid. 


Addity 

in Terms 

of CO. 

required to 

neatraltse 

100 CO. of 

the Water. 


Hardness 

CaOQt 

Farts per 

100.000). 


Action of Lead (Resolfes stated as ParU 

per 100.000). The action on Lead was tested 

hy upward filtration through 50 o.c 

washed Lead Shot at the rate of 8 mins. 

per 00 CO. 


1 


1st 
00 CO. 


2nd 
SOce. 


Srd 
OOcjc 


4th 
00 cc 


0th 
O0r.c. 


1 
Average 


83 


Sept. 81. 1800. Water- 
sheddels Resenroir 
water, after flltra- 
tion. 


Faint trase 
add. 


Faint tiace 
add. 


6-0 






Faint traces. 


1 

1 
1 

1 


M 


Oct 7. 1880. Water- 
sheddftls Reservoir 
water. 


Add 


0*04 


4*06 


0*3 


0*6 


0-7 


0*9 


1-1 


0-78 

i 


90 


Oct 7. 1800 Water, 
sheddels Bosorvoir 
water, after flltra- 
tion. 


FUnttrsoe 
add. 


Faint trace 
add. 


4-76 






Faint 


fraoes. 






S6 


Not. 4.1800. Water- 
sheddds Resenroir 
water. 


Add 


0'04 


4-8 


0*8 


0-8 


1-0 


1*0 


1*2 


0*84 


87 


Not. 4. 1880. Water, 
sheddels Resenroir 
water, after flltra- 
tion. 


Faint trace 
acid. 


Faint trace 
acid. 


0*18 




1 


Fkint traces. 






88 


Nov. 20. 1880. Water- 
sheddels Reservoir 
water. 


Add 


0*04 


•" 


0-6 


1-2 


1-4 


1-4 


1-6 


vu 


80 


Nov. 20. 1800. Water 
sheddels Reservoir 
water, after flltra^ 
tion. 


Faint trace 
acid. 


Faint trace 
add. 






Fkinti 


traces. 






iO 


Mar.16.160S. Water- 
sheddels Reservoir 
water. 


Acid 


0*60 


"" 


0*6 


1*2 1-4 

1 


1-1 


1*4 


1*80 


41 


Mar. 16. 1806. Water, 
sheddels Reservoir 
water, after filtra- 
tion. 


Trace add 


Trace add 








Tn 









T I 




588 8 1300 



E Wellcra, Grahams. U-* Litho. London 
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Survey No. 15. 

LEEDS COBPOBATION WATBBWOBKS. 
SouBCB OF THB Watbr Supplt akd Gsneral Descbiption 

OF THB WaTBBWOBXS. 

The water supply of the Leeds Oorporation is derived &om upland 
collecting grounds in the vallej of the Biver Washburn, a tributary of 
the Biver Wharfe, the most distant part of which collecting grounds is 
situate 22 miles, and the nearest part 9 miles, north-west of Leeds. 
Before delivery to consumers, this water is filtered through fine river 
sand. There are two storage reservoirs on the collecting ground. 
The upper is known as Fewston Beservoir, and is situated at a height 
of 533 feet above sea level. The main source of supply to this reservoir 
is from the Biver Washburn, and it also receives the water from 
Thackray Beck and White Cragg Stream. The lower, Swinsty, 
Beservoir, is situate at a height of 449 feet above sea level. It is 
supplied with water from Fewston Beservoir and from the following 
streams: — Spink Bum, Taylor's Beck, Woods' Beck, Swinsty Hall 
Becks No. 1 and No. 2, and Tarn Beck. 

The water is conveyed by three dO-inch gravitating mains from the 
Swinsty embankment down the Washburn valley to Arthington, 8 
miles, in the valley of the Wharfe, where engines* capable of pumping 
6,000,000 gallons a day aS placed ; from these engines a fourth main 
joins the track of the three, proceeding through Lord Harewood's 
lands and park to a reservoir, 4 miles, in a valley at the village of 
Eccup ; this reservoir is not a collecting one, but is for the storage of 
water brought by the before-named mains. Tt is of large capacity 
(1,300,000,000 gallons), and secures a great amount of purification 
by the length of time (three months) the water has to remain in it 
before being used. From this reservoir, the water passes 3^ miles 
through the Blackmoor Tunnel and pipe lines, by gravitation, to the 
filter beds at Weetwood. These filter beds are nearly 6^ acres in 
extent, and are situate on the northern confines of the city. 

The following notes on Leeds Corporation Waterworks are of 
interest : — 

Rainfall. 

Average yearly rainfall in Leeds : — No record. 

„ on the gathering grounds : — ^About 42 inches. 



w 



Capacity y Sfc. of Fewston and Swinsty Reservoirs. 



Name. 


Capacity. 


Top Water 
Level. 


i\rea. 


Depth. 


Fewston 
Swinsty 


Gallons. 
866,000,000 

960,000,000 


Feet. 
603^ 

449* 


Acres. 
156 

156 


Feet. 

47 

55*1 



♦ Above sea level. 



* The water pumped here is not from the River Wharfe, bat Washburn water 
Iqroaght by an mdep^ndeiit pipe line iM^rpss ^l^e Wharf ^ tQ the pnmping station. 

P 88579, ^ 
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Consumption of Water, 
About 15,000,000 gallons per day. 



Drainage Areas. 



Fewston 
Swinsty 



18,025 acres. 
4,022 „ 



Daily rainfall on the gatherififf ground from September \sty \ 895, 
to October \sty 1895, inclusive: — 



1895. 



Inches. 



1895. 



Inches. 



Septembei 


r l8t 


•) 


2nd 


>f 


Srd 


tf 


4th 


>» 


5th 


>i 


Sth 


»> 


7th 


» 


8th 


» 


9th 


n 


10th 


>• 


11th 


>» 


12th 


>» 


13th 


n 


14th 


>» 


15th 


ti 


16th 



22 
32 
11 
78 



88 
18 



September I7th 
18th 
19th 
20th 

2l8t 

22nd 
23rd 
24th 
25th 
26th 
27th 
28tfa 
29th 
„ SOth 

October Ist - 



» 



ti 



» 



9* 



*» 



ft 



tt 
tt 



>f 



If 



05 



•01 

01 
33 



Notes on the Characters of the Gathering Ground, 

The Fewston and Swinstj gathering ground consists partly of moor- 
land, and partly of mountain pasture. Although the surface soil is to 
some extent peaty, yet, speaking generally, peat is not abundant either 
superficially or in depth. The geological formation is millstone grit 
(sandstone and flagrock). 

There appears to be much less heather, and a more abundant growth 
of grass on this as compared with most of the other large upland 
collecting grounds situate in the West Biding. The slopes of the hills 
are such as to allow the water to drain rapidly into the waterworks, 
and there are but few areas where the rain can saturate and lie stagnant 
in the surface soil. As compared with other so-called moorland 
gathering grounds, this collecting ground yields an abundant supply of 
spring waterj and very little surface peaty water. In consequence, the 
dry weather flow in the streams is above the average. In conclusion, it 
is to be noted that the characters of the gathering ground are such that 
the bulk of the water draining into the waterworks is not derived from 
the drainage of peat, but from hillside springs, or from the drainage of 
land where there is little or no peat present. 

Conditions found to exist on the Gathering Ground on October \sty 

1895. 

The water in Fewston Reservoir was tested at various points, and 
appeared to contain very faint traces only of acidity. Swinsty 
Reservoir was practically neutral, and all the streams entering this 
reservoir had a neutral reaction, viz., Spink Bum, Taylor's Beck, Woods' 
^eck, Swinsty Hall Becks No. \ aad No. 2, and Tarn Beck, 
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1 



The Biver Washburn, the chief sonroe of snpplj to Fewston 
Reservoir, was neutral. Thackraj Beck was also neutral, and White 
Cragg Stream contained only faint traces of acid. 

Samples of water were collected for special examination from various 
sonroes, and the results are given in an accompanying table. Briefly, 
the examination of these waters gave the following resnlta : — ^The 
waters from the Washburn river, Thackraj Beck, and Spink Bum were 
neutral, and free from plumbo-solvent ability. A sample of Leeds 
main water obtained at a later date gave similar results. Fewston and 
Swinsty Reservoirs, and White Cragg Stream contained water which 
was only very faintly acid, and acted only very slightly on lead. The 
waters were "harder'^ than is usually found to be the case with 
moorland water supplies. 

Remarks on the Results yielded by the Chemical Examination of the 
Waters in reference to the Observed Characters of the Gathering 
Ground, 

It is to be noted that the storage reservoirs and their supply streams 
were practically neutral. This result might have been anticipated 
from the characters of the collecting ground, already described. Thus 
it has been shown that the slopes of the hills allow of rapid drainage, 
and that there are apparently no areas where the rain saturated peaty 
soil, and accumulates in hollows and depressions. Again, the propor- 
tion of spring water, as compared with surface water, is far above the 
amount usually found in the case of moorland water supplies. Lastly, 
the surface water which does reach the waterworks is only contaminated 
with peat to a small extent, the reason being that the surface soil over 
the gathering ground is only partially peaty. 

Leeds Corporation Waterworks. 
Table 15.— Chemical Results. 



Deicription of the Sample of 
Water. 



Reaction 

with 
Laomoid. 



Acidity 

inTerma 

of CO. 

PjjNa,00, 

required 
to neu- 
tralise 100 

O.C. of 
theWater. 



Hardnees 

(OaOOj 

Parte per 

ioo,o*»o.) ; 



Action OD Lead (Reanlts itated aa Parte 

per 100,000). The action on Lead waa tested 

by upward filtration through 60 0.0. washed 

Lead Shot at the rate of S mins. per 80 ox. 



I — - 




60 cc 



October 18th. IBM. Sample of 
Leeds "main "water. 

October 2nd, 1896. Sample of 
water from the River Wash- 
bum — ^the main source of 
supply to Fewston Reservoir. 

October 8nd, 1896. Sample of 
water lh>m Pewston Reeerroir. 

October 8nd, 1896. Sample of 
water from Thackray Beck, 
one of the supply streams to 
Pewston Reservoir. 

Octob. r 8nd. 1896. Sample of 
waier liom White Cragg. one 
of the supply streams to 
Fewston Reservoir. 



Neutral 



Neutral 



f Faint 
trace add. 

Neutral 



P Faint 
trace acid. 



October 2nd. 1896. Sample ol ,? Very faint 
water from Swinsty Reservoir, trace add. 



October' 2nd, 1896. Sample of 
water from toink Bum. one 
oi "feeders"^ to Swinsty 



Neutral 



Neutral i 5*2 



Neutral | 8*64 



? Faintly 
trace acia. 

Neutral 



? Faint 
traoeacid. 



PVery 

faint 
traoeacid. 

Neutral 



7-40 
6*86 

10*10 

7*8« 
13*0 



0*0 


0*0 


0*0 


0-0 


O'O 


0*0 


0*0 


0-0 


0-0 


0*0 



O'OO 



O'OO 



f Faint trace. 



O'O 



0-0 



0-0 



O'O 



O'O 



f Faint trace. 



0*00 



V 7ery faint traces. 



0*0 



0*0 



0*0 V'O 



0*0 



P'W 



hi 
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Survey No. 16, 

MORLEY CORPORATION WATERWORKS. 

SOURGB OF THB WaTER SuPPLY.AND GbNERAL DeSCBIPTION OF THE 

Watrrwobks. {For map^ see Survey No, 13.) 

The water supply is obtained from moorland near Mytholmroyd, 
about 21 miles from Morlej. 

There is only one reservoir — Withen's C^m^A— on the gathering 
ground, and it is supplied with water from the following sources : — 

North Catchtoaier. — This catchwater drains a large area, chiefly 
moorland, on the north side of the reservoir. 

On the same side of the reservoir are three streams, the central one 
of which is known as Jack Clough. 

Withen^s Clough enters the reservoir at its upper end, and is the 
main inlet stream to the reservoir. 

On the south side of the reservoir are three streams, known as Great 
Rut, Deep Sladcy and Fletcher^s Dyke^ as well as several smaller 
streams, which are of the nature of peat drains. 

South Catchwater. — This catchwater drains a very considerable area 
of peaty land on the south side of the reservoir. 

Of the feeders enumerated above, the South Catchwater and 
Fletcher's Dyke are the most affected by the washing down of peat in 
times of storm, when, according to the waterworks' engineer, the water 
is principally used for compensation purposes. 

On the north and south sides of the reservoir are bye-channels, 
which are continued up to Withen's Clough at the upper end, and 
pass down the sides of the embankment to unite below in the bed of the 
same stream. They are designed to carry storm and overflow water to 
compensation. They can also be used to carry away the whole flow of 
certain of the inlet streams, when they are turbid and discoloured after 
a storm. 

In connexion with all the principal inlet streams are filter beds of 
stone and sand, covered with limestone and chalk, and in August 1894, 
slaked lime was being added to the water in these streams before it was 
allowed to enter the reservoir. 

Prior to August 1894 the water in the reservoir was not *' treated," 
but after that date an effort was made by the waterworks authorities 
to neutralise the water with slaked lime by means of rafts. A further 
*^ treatment " has since been adopted, soda in solution being added to 
the water in the supply well. 

The water from WiUien's Clough is at present (1896) delivered to the 
town of Morley without any filtration. 

An enormous amount of peat has been removed from the bed of 
Withen's Reservoir, but the drainage area is so rich in peat that, not- 
withstanding precautionary measures to exclude it, laige quantities are 
washed into the reservoir, especially in storm time. 



Thefollotcing notes on Morley Corporation WaiertDorkt are of 

interest. 

Rainfall, — Average yearly rainfall in Morley. No records. Average 
yearly rainfall on the gathering ground. Estimated at 41 inches. 
N.B. — ^The waterworks engineer supplies the following note: In 
estimating the quantity of rainfall available for supply, a consideiab)^ 
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redaction was made from the gross quantity flowing off the drainage 
area to allow for the exdosion of such water as would come down 
daring, and immediately afiter, floods and heavy rains. 

Capacity^ Sfc. of WUhen's Clouah iZc^crroiV.— Capacity, 330,000,000 
gallons. Top water level, 960 feet O.D. Depth at outlet, 60 feet. 
Water area^ 66 acres. 

Canntmptian of fVater. — ^About 800,000 gallons per day. 

Drainage Area. — 1,200 acres. 



Daily Rainfall on Gaihering Ground from June lOth^ 1894, to 

August 24/A, 1894, inclusive. 

Observations cover the 24 hours previous to 9 o'clock a.m. on the 

datiCs given. 



— 


June. 


Jnly. 


AngoBt. 


— 


Jnne. 


July. 


August. 


1 


^ 






0*19 


17 


^^_ 


0-72 


, 


2 


- 


-^ 


— 


0-28 


18 


0-15 


0*95 


0-25 


8 


- 


— . 


0-20 


0*60 


19 


0-07 


0-11 


— 


4 




— 


— • 


0-42 


20 


012 


.-. 


0*62 


5 


. 


— . 


— . 


.^ 


21 


— 


0-14 


— 


6 


. 


... 


_ 


0-21 


22 


>. 


— . 


— « 


7 


- 


— 


0-21 


Oil 


23 


— 


0-19 


— 


8 




— . 


— 


0*25 


24 


«. 


08 


0-20 


9 


- 


— 


0-10 


0*66 


25 


0*14 


0-29 


— . 


10 


• 


— 


0*06 


0-05 


26 


—. 


1-00 


— 


11 


• 


-» 


0-05 


._ 


27 


— 


— 


0-51 


12 


. 


0*62 


— . 


— 


28 


— 


-~ 


0-14 


18 


. 


•» 


— . 


0*11 


29 


— 


—^ 


— . 


14 


- 


— . 


0*15 


0-06 


80 


— - 


— 


.. 


15 


. 


— 


— . 


0-81 


81 


-.. 


_ 




16 


■ 


0-81 


0-56 


0-40 











Notes on the Characters of the Gathering Ground. 

The gathering ground is principally composed of waste moorland, 
and about 150 acres are cultivated land, meadow and pasture. Peat is 
far more abundant on the south than on the north side of the reservoir. 
Undemeath the peat clay is usually to be found, and the permanent 
measores are sandstone rock, grit, and shale. The beds of peat vary in 
thickness, and are usually 2 to 6 feet in depth. The vegetation 
consists chiefly of heather and moss, but on the north side of the 
reservoir rough pasture grass covers a considerable area. The larger 
streams feeding the reservoir run on rocky beds, and the smaller on 
day or peat bottoms. 

Although the drainage from the soil is fairly rapid, there are numerous 
places on the gathering ground where the rain saturates the soil and 
lies stagnate there, forming peaty, mossy and marshy pools. The day 
underlying the peat is partly to blame for this state of things as the 
water cannot readily escape downwards, and so is forced to travel in a 
lateral direction. 

In oondasion it is to be noted that the characters of the gathering 
ground are such that the water entering the waterworks in drought 
is very small, and in flood-time very great. The former water is 
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derived chieflj from hillnside springs, and the latter from the :drainage 
of peat. In intermediate conditions of the rainfall the surface peaty 
wBter is still the main source of supply. No doubt arrangements exist 
for the exclusion of storm water, but as the storage reservoir depends 
in great measure for its supply, not on the dry weather flow, but on 
surface drainage during and after heavy rains, the bulk of the water 
used for waterworks purposes must be of a peaty nature. 

Conditions found to exist on the Gathering Ground on July lOtA, 

1894, and on August 24th, 1894. 

On July 10th the amount of water entering the reservoir was very 
small indeed. 

The water in the reservoir was tested at xarious points and was 
found to be acid in re-actiun. 

The water in Withen's brook, the main inlet stream to the reservoir, 
was neutral. The feeders on the south nide of the reservoir were all 
acid. On the north side Jack Ciough stream and the North Catchwatei 
contained acid water, the rest of the feeders contained neutral water. 

Most of the feeders just above their entrance to the reservoir havt> 
rough tilteiv of limestone and chalk. In these cases the water, even if 
distinctly acid before, was found to be invariably neutral after passing 
through the filters. As however the feeders on July 10, 1894 were 
running nearly dry this fact has a limited significance. 

At this date " treatment " of the water with slaked lime was not in 
operation. 

On August 24th the " feeders " to the reservoir contained plenty of 
water and the conditions represented fairly well the normal as regards 
the quality of the water entering the waterworks. 

Between July 10 and August 24 and about three weeks before the 
latter date *' treatment " of the water was commenced ; '^ slaked " lime 
being added to the reservoir water by means of rafts and to certain of 
the feeders by the use of troughs in which a concentrated mixture of 
lime and water was made, the lime water being allowed to mix with the 
water entering the reservoir. 

Withen's reservoir was tested at various points and found to be still 
acid. Withen's brook which was neutral on J uly 10, t.^.^ during the 
dry weather liow, was distinctly acid on August 24. 

The water in the North and i>outh Catchwater was very acid and the 
onl^ neutral water entering the reservoir was i'roni two small streams 
on the noilh bank, which contained spring water and water from the 
drainage of soil almost destitute of peat. 

Jack Ciough, Great Rut, Deep blade, and Fletcher's Dyke streams 
were all acid — particularlv the two latter. Two small peat drains 
situated the one between the South Catchwater and Fletcher's Dyke and 
the other between Fletcher's Dyke and Deep Slade contained very acid 
water. 

As regards the limestone and chalk filters, thcbc failed in every case 
to neutralise the water, and the blo(*.ks of limestone and chalk were 
thickly coated with vegetable matter, so that it was unlikely that thej 
could act beneficially on the water. 

The treatment with slaked lime was more successful, and, in certain 
cases, completely neutralised the water in the streams. As has been 
already shown, however, the reservoir water was still acid. 

Various samples of water were collected for more detailed examination, 
and the results are given in an accompanying table, which contains also 
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the results of the examination of the water as supplied to Morlej on 
different dates. Brieflj, the results maj be described as follows : — 

Morley Main Water (three samples) was acid, and acted . distinctlj 
on lead on August 17, 1894. On November 3, li^94, the water 
(probably owing to the continued use of lime) was practically neutral, 
and free from plumbo-solvent ability. On February 6, 1^95, the water 
was more acid, and acted more decidedly on lead than the sample 
obtained on August 17, 1894. 

Wit hen's Reservoir water, on August 25, 1894, was acid, and had an 
appreciable action on lead. 

Jack Clougk and Withen's Brook^ examined on the same date, were 
found to possess a nearly similar aciiiity and action on lead, the qualitj 
of the water being not so good as the reservoir water. 

Fletcher's Dyke (August 25, 1894) was exceedingly acid, and acted 
most powerfully on lead. 

The North and South Catchtoater and Deep Slade Stream (August 
25, 1894) were also extremely acid. 

Great Rut Stream (August 25, 1894) was distinctly acid, but not to 
the same extent as the above. 

So far as could be ascertained by personal observation and by inquiry, 
Fletcher's Dyke, Deep Siade, and the North and South Catch waters 
drained land exceptionally rich in peat, and land where the rainwater 
saturated the soil, and accumulated and lay stagnant in peaty, boggy, 
and marshy places. The same remarks apply, although to a much 
smaller extent, to Withen's Clough, Great Rut Stream and Jack Clough. 
These three streams, and particularly Withen's Clough, contain some 
spring water which, during a period of drought, when the surface water 
is nearljD dried up, may have the eifect of neutralising the water before 
it enters the waterworks. 



Remarks on the results yielded by the Chemical Examination of the 
Water in reference to the observed character of the Gathering 
Crround^ 

It IS to be noted that the chemical results are in keeping with the 
observed characters of the gathering ground. 

The acidity uf Within's iieservoir is easily accounted for since it has 
been shown that even in dry weather many of its " feeders " contain 
acid water and that in storm time the great bulk of the water entering 
the waterworks is markedly acid. 

The chemical results taken in conjunction with the observed characters 
of the gathering ground point not only to the association of acidity with 
water drainage from peaty soil, but also to a certam pai*allelism between 
the amount ot the acidity aud the degree of contamination of the water 
with peat. 

It was observed as a result of a general inspection of the gathering 
ground that certain wide areas were very rich in peat, and that other 
areas were poor in this respect. The chemical results showed that the 
former yielded a very acid water, snd the latter a neutral or only slightly 
acid water. Compare the soutli with the north side of the storage 
reservoir in this connexion. 

Again it was noted as a result of a closer inspection of the gathering 
ground that smaller areas existed where the peat was exceptionally deep 
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and the drainage from it very bIow, and where the nun not onlj 
saturated the soil but l&j stagnating in peaty pools. 

Such areas yielded a water peculiarly acid, e.g.<, Fletcher's Dyke. 

In conclusion it may be stated in broad terms that if the ^' feeders " 
were arranged in order according to the amount of their acidity, and 
the areas drained by them according to the amount of peat observed to 
be present, the parallelism existing between the amount of the acidity 
and the degree of contamination with peaty water would be dearly 
established. 



MOBLBT WaTBRWORKS 

Table 16.— Chemical Results. 



4 


Deioription of the Sample of 
Water. 


Hard- 
ness 

(OiCo, 

Pts.per 

100,000). 


Beaction 

with 
lAomoid. 


Addity in 
Terms 
of o.c. 

required to 

neutralise 

100 c.a of 

the Water. 


Action on Lead (Results stated as Puts 

pel- 100.000). The action on Lead was tested 

by upward filtration through 50 cc washed 

Lead Shot at the rate of 8 mins. per 60 ex. 


1 


1st 
50 COS. 


8nd 
SOcc. 


Srd 
60 ex. 


4th 
60C.C. 


5th 
500 .c 


Average. 


1 
8 

8 

4 

6 
6 
7 
8 
9 
10 
11 


August 17tb, 1894.- Morlcymain 
water. 

KoTcmber 8rd, 1894. Horley 
main water. 

February 6th, 1880. Morl^matn 
water. 

Attcust 8Sth, 1894. Withen's 
Besenroir water at Mytholm- 
royd. Morley waterworics. 

August 85th, 1894. Jack Clough 
water, one of peat feeders to 
Withen's Beserrdr. 

August Sftth, 1894. Withen's 
brook, main "inlet" to 
Withen's Reserroir. 

Aucast 86th, 1894. Fletcher's 
Dyke water, one of peat 
feeders to Withen's Resenroir. 

Ancuit 85th. 1894 North Catoh- 
water at point of entrance into 
Withen's Resenroir. 

August 85th, 1894. Graat Rut 
stream, one of peat ftoders to 
Withen's Reservoir. 

August 86th, 1894. Deep Blade 
stream, one of peat feeders to 
Withen's Resenrob. 

August 85th, 1894. South Catch- 
water, at point of entrance into 
Withen's Reservoirs 


5-7 
5'0 
4-6 


Add 

f Trace 
acid. 

Acid 
Add 

Add 

Add 

Add 

Add 

Add 

Add 

Add 


0'« 

Tnoet. 

0*60 

0*80 

0-48 

0-48 

1-70 

0*96 

0-46 

1-10 

1-40 


0-0 

0-5 
0-0 

0*0 

0-0 

8-0 


0-1 

0-5 
0*1 

0*8 

0*8 

6*0 


a-4 

> Trace 
0-5 
0-8 

0-4 

0-6 

6-0 


0-6 

add. 

0-6 

0-8 

6-5 

0-6 

6-0 


0-7 

0-6 
0-8 

0-6 

0-7 

7-0 


0-96 

0-54 
0-14 

0-34 

0-40 

6*6 
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Survey No. 17. 

NELSON CORPORATION WATERWORKS. 

SOUBCB OF THB WaTBB SuPPLY AND GeNBBAL DbSCBIPTION 

OF THB WaTBBWOBKB. 

The supply is obtained from two moorland gathering grounds above 
Coldwell and Ogden Springs, about four and four and a half miles 
respectively from Nelson. 

Coldwell Syriem, — Coldwell Reservoir receives its supply from a 
number of small moorland streams which — under ordinary conditions of 
rainfall — contain chiefly spring water. In the bed of the reservoir 
there are a number of springs which yield an abundant supply of water, 
A storm watercourse runs along one side of the reservoir, and all the 
streams which discharge ordinarily into the reservoir may be turned 
down this watercourse. This arrangement allows of the ezdusioQ of 
storm water from the water supply. The water from Coldwell is not 
filtered. It is conveyed through an iron pipe dii*ect to '^ Wades " House 
Service Reservoir. From this it goes to Nelson, being connected with 
the main from Ogden in the centre of the town, so that Ogden water 
can, and does under certain conditions, reach the Serviee Reservoir. 

Ogden Syitem, — ^There is no- reservoir, except for compensation 
purposes, in connexion with this system of water supply. 

The water is taken directly ^m a moorland stream known as Ogden 
water, and led on to two filter beds (sand and gravel). 

After filtration the water is carried by an iron main over Pasture 
Head to Nelson. 

The following note on Nelson Corporation Waterworks are of 
interest : — 

RainfalL 

Average yearly rainfall in Nelson, no gauge. 

on Ogden gathering ground, no gauge, 
on Coldwell ,, .. 30 mches. 






n 

9f 



9f 



»» 



Capttcity^ 4^., of Coldwell Eeservoir. 




Cvptt/atj. 


Top Wttter Level. 


Depth. 


Ana. 


GaUons. 
80,000,000 


O.D. 
948*00 


Feet 
69 


Aeres. 
Aboat 18. 



^The capacity of ** Wades " House Service Reservoir b 2,000,000 
gallons, and its top water level 718* 6 feet.) 



Drainage Area* 

Ogden gathering ground, when all utilised, 1,100 acres (exdusive of 
compensation area). 

Coldwell gathering ground, 400 acres, in addition to which the 
Corporation can take water from springs having above them a drainage 
area of 9,600 acres-^the water from which does not go through ColdweU 
Reservoir. 
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Consumption of Water. 

700,000 to 800,000 gallons a day. 

Yield of water from Ogden, 400,000 gallons adaj (with no reservoir). 
Yield of water from Ooldwell, 516,000 galk>u8 a day (excluding 
compensation water). 

Notes on the Characters of the Gathering Gfround. 

Coldwell System, — ^The gathering ground is moorland in character. 
The surface soil on the higher portions of the gathering ground is 
peaty, and supports the growth of moss and heather. Lower down the 
soil is much less peaty, and the v fetation is chiefly composed of rough 
pasture grass. The rock underlying the surface soil is chiefly sandstone 
and shale, belonging to the coal measure series, and millstone grit under 
the higher portion of the area. 

The slopes of the hills are sufficiently steep to cause the rain to run 
rapidly off the surface. There are Yery few places where the rain 
stagnates in the soil. The moorland streams supplying Coldwell 
Reservoir run for the most part on rocky beds, or on clay bottom, and 
not on peaty soil. Besides the springs iu the bed of the reservoirs, a 
large quantity of e<(^ring water finds its way into the streams, aud these 
streams contain only a comparatively small amount of peaty water or 
water derived from surface drainage. 

Ogden SyUem. — The gathering ground is composed of moorland. 
Ogden Clough, the source of this system of water eupply, yields a large 
amount of water. It runs a precipitous course along a rocky and sandy 
bed,^ and is fed laterally by numberless small streams, which drain land 
more or less peaty in character. The hills bounding Ogden Clough are 
very precipitous, and the rain falling on them runs rapidly away. 

These hills are covered, not only with grass, but with heather and 
moss, and the soil covering is peaty. Owing to the abrupt slopes, 
however, the surface soil is thin, and in many places wanting, the 
underlying rock cropping out on the surface as rocky and sandy beds 
which successive rainfalls wash down into the valleys. The denudation 
taking place—especially in storm time — is considerable, large quantities 
of peat and disintegrated rock being carried downwards into and along 
the bed of Ogden Clough. A large amount of spring water enters this 
source of supply. There is also a considerable proportion of peaty 
water, or water from surface drainage, but since the rain does not 
stagnate in the soil its quality is not bad. The rock underlying the 
surface soil is chiefly Yoredale grit and shale. 



Conditions found to exist on the Gathering Ground on April 2nd, 

1896.* 

Lacmoid was' used to test the reaction of the various waters 
examined. 

Coldwell System, — The water in Coldwell Reservoir was neutral in 
reaction. The water in the streams (three) which supply this reservoir 
was neutral. These streams contain a mixture of spring water and of 

* The daily rainfall previouit to April 2nd, 1896, could not b« aaoartained aa no 
gauginga were taken. 
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surface water, which is more or less peatj in character. Some of the 
smaller subsidiary streams were also tested, and with similar results. 
It is possible that in storm time the increase in the amount of surface 
water might alter the reaction of, at all events, some of these streams. 

Ogden System, — Ogden Glough, both before and after filtration, was 
neutral in reaction. This stream was traced upward along part of its 
course, but the reaction of the water was found to be the same. Of the 
smaller streams entering Ogden Clough which were tested, all were 
found to contain neutral water. It is quite possible that in storm time 
Ogden Glough may contain an acid water, owing to the increase of peaty 
surface water as compared with spring water. 

Samples of water were collected for more detailed examination from 
Coldwell Reservoir and from Ogden Glough. The examination of these 
waters showed that thej were neutral, and free from plum bo-sol vent 
ability. The results are given in an accompanying table. 



Remarks on the Results yielded by the Chemical Examination of the 
Waters in reference to the observed Charctcters of the Gathering 
Ghround, 

Coldwell System, — The following points are worthy of note as bearing 
on the observed neutral condition of the water, notwithstanding its 
moorland origin. There is a very considerable amount of spring water. 
Probably this spring water is not only neutral, but possesses aomp 
considerable add neutralising ability. Supposing this to be the case, 
then it is probable that, even if some acid peaty water does gain access 
to the water supply, the spring water is more than sufficient in quantity 
CO neutralise such acidity. A common source of acidity in moorland 
waters is from the rain stagnating in peaty and mossy pools. On this 
gathering ground the fall of the ground is sufficient to carry the water 
away fairly rapidly, and the peat is not deep. 

The streams run on rocky beds, which are subject to renewal by 
denuding agencies. As beariDg on the neutral condition of Goldwell 
Reservoir, it is to be noted that in flood time the streams are diverted, 
and instead of entering the reservoir, the water passes down a storm 
watercourse, and is used for compensation purposes. 

On moorland gathering grounds, where there is a good growth of 
grass, the surface soil is usually only partially peaty in character, and is 
well drained. The water draining from such areas is usually neutral. 
It has been already shown that on this gathering ground grass grows 
over a large portion of the total area. 

Briefly stated, the important points to be noted are : — The prepon- 
derance of spring water as compared with peaty water. The good 
drainage of the soil. Peat is not very abundant, either sn[)erficialiy or 
in depth. 

Ogden System, — Much that has been already said of the Coldwell 
system applies equally here. The peat appears to be more abundant on 
this gathering ground, but it is especially to be noted that the sides ot 
the hills are extremely precipitous, thus allowing the rain to run rapidly 
off the surface, and preventing it from stagnating in the soil. 

Comparing the two systems of water supply, it is of interest to note 
that Coldwell springs are said to come from a greater depth of soil, 
and to yield '^ harder " water than Ogden springs. Probably a smaller 
quantity of Coldwell than of Ogden spring water would be needed to 
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neutralise snrface peatj water. The Ogden appears to contain more 
surface water than the Coldwell supply, hut owing to the very rapid 
drainage of the soil on the Ogden gathering ground, it is perhaps of 
better quality than the water derived from Coldwell, where the slopes are 
much less abrupt and precipitous. 



Nelson Cobpohation Watbbwobks. 
Tabic VJ, ^Chemical Rendu. 





Beioription of 

the Sample of 

Water. 


Addity. 




• « 










1 


Beaotion 

with 
Laomoid. 


InTermi 
of 0.C 

^NiiiOO, 

required to 

neatnJiie 

100 ex. of 

the Water. 


Action on lioaa (iceeuite asatea aa ruti 
per 100,000). The action on Lead wae teited 
uj npward filtration tfaromgh 50 cc. waehed 
Lead Shot. 

1 




let 
60 0.0. 
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Mca 


Srd 
600.0. 


4di 
60 0.0. 


6th 
60 ex. 


Arengfl^ 


1 

8 


Osden Olouffh water 
before flltratloii, 
April 4th, 18D8. 

ColdweU BeMTTOir 
water,April4*h,189e. 
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Keatral 


Keatral 
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Survey No. 18. 

OLDHAM CORPORATION WATERWORKS. 

SOUBCB OP THE WaTEB SdPPLT AND GeNEBAL DESCRIPTION OF THE 

Watebwobks. 

The sop »ly is obtained ^m moorland gathering gronnds at Strinesdale, 
Piethorn^ Denshaw, and Castleshaw, two, seven, six, and five miles from 
Oldham respectively. 

The WAter from Strinesdale Waterworks has been rejected, and is now 
used onlj for compensation purposes. 

Denshaw System. — There are foor reservoirs on this gathering 
ground, the water from which is dealt with as follows : — ^A moorland 
stitem supplies Readjoon Dean, and the water from this reservoir passes 
into Crook Gate Reservoir. Dowry Reservoir receives the water from 
Crook Gate and from Dowry BecR, and discharges into New Year's 
Bridge. From this latter reservoir the water is conveyed by a tunnel 
and line of pipes to Hanging Lees Reservoir. Dowry Beck drains a 
large area of moorland. At its lower end a wreck lodge is provided to 
keep back peat and debris from entering Dowry Reservoir. Flood water 
is excluded from all the reservoirs used for domestic purposes by means 
of storm- watercourses. 

Piethom System. — There are five reservoirs (and a sixth in coarse of 
construction), two of which, Ogden and Kitdiffe Reservoirs, are used 
only ibr compensation purposes. The course taken by the water is as 
follows : — The water from the Denshaw System is brought, by way of a 
tunnel, to Hanging Lees Reservoir. A main carries the water firom this 
reservoir to the higher parts of Oldham, but most of the water is allowed 
to pass into Piethom Reservoir, and from thence it is conveyed by 
another main to Oldham. Piethom Reservoir is also supplied with 
water from Norman Hill Reservoir, which, in turn, receives its supply 
from a moorland stream draining 480 acres. Storm-water is not 
allowed to enter the reservoirs, and is earned to compensation by a 
storm-watercourse. Storm-watercourses exist also in connexion with 
all the other systems of water supply. 

Castleshaw System. — There are two reservoirs. Upper and Lower 
Castleshaw, on this gathering ground. The main source of supply is 
from Cudworth Beck, which supplies the upper reservoir. From Upper 
Castleshaw Reservoir the water passes direct to Strinesdale for distri- 
bution in the borough. The flood water passes into the lower reservoir. 
The main streams at Castleshaw are pitched to the crest of the hill, with 
the object of preventing the denudation of the sides of the valleys. 

The Corporation own all the land bordering the reservoirs, and the 
watershed is free from all sources of pollution. 

The water is delivered to the town of Oldham without filtration. 

The following notes on Oldham Corporation Waterworks are of 
interest : — 

Notes on Oldham Corporation Waterworks. 

Rainfall. 

Average yearly rainfall in Oldham - - 36 inches, 
p }j 9f op gatherinjp ground r ^2 „ 
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Area^ Top Water Levels Depths and Capacity of the Chief 

Reservoirs. 





Area, in 


Top-Water 

Level, in 

Feet, 


Depth, in 


Capaeity, in 




Acres. 


Feet 


Gallons. 


Piethorn Kiiscrvoir - 


40 


823 


58 


868,000,000 


Of^den Reservoir 


3U 

4| 


690 


88i 


146,000,000 


Hanging Lees Reservoir 


884 


30 


81,000,000 


KitcIifFe Reservoir 


12 


757 


27 


60,(HX),000 


Norman Hill Reservoir 


8 


911 


45 


60,000,000 


New Year's Bridge Reservoir 


14J 


945 


55 


91,000,000 


Dowry Reservoir 


S3 


1,000 


54 


168,000,000 


Crook Gate Reservoir 


n 


1,052 


49 


41,000,000 


Readycon Dean Reservoir 


14 


1,268 


48 


86,000,000 


Upper Casrleshaw Reservoir - 


30^ 


843 


64 


258,000,000 


Lower Castleshaw Reservoir - 


26 


762 


43 


186,000,000 



Drainage Area. 

Piethorn System - - 1,820 acres 1 

Denshaw System - - 1,350 „ > Total, 4,120. 

Castleshaw System - • 950 „ J 

Strinesdale System - - 1,360 „ Rejected. 

Consumption of Water. 
8,274,560 gallons, on 307 days in the year 

Rainfall for March 1896. 







Stations. 




D^TB. 


Piethom. 
Gold Creave. 


Denshaw. 

New Year's 

Bridge. 


Oastleshaw. 


Strinesdale. 




Height of Gauge 


Height of Gauge 


Height of Gauge 


Height of Gaoge 




above Sea Level, 


above Sea Level, 


above Sea Level, 


above Sea Level, 




894 Feet 


1,012 Feet. 


875 Feet. 


815 Feet 


1896. 


Inches. 


Inches. 


Inches. 


Inches. 


March 1 - 


0-05 


0-12 


0-11 


0-09 


'^ - 


0-45 


0-51 


0-57 


0*85 


» 8- 


0-08 


09 


0-11 


0-08 


,. 4- 


0-20 


0*33 


0*40 


0-21 


„ 5- 


0-20 


0-28 


0-28 


0-15 


w 6- 


n-38 


0-85 


0-37 


0-26 


„ 7- 


0-62 


0-76 


0-80 


0*67 


„ 8- 


018 


016 


0-04 


0-J5 


„ 9- 


005 


010 


0*08 


0-07 


„ 10- 


0-26 


0-41 


0*80 


0-22 


,. 11- 




0-08 


0*07 


0-08 


„ 12- 


— 


— 


— 


— . 


„ 18- 


0-36 


0*46 


0-88 


0-89 


„ 14- 


002 


— 


0*10 


.^ 


,. 15- 


0-50 


0-56 


0-51 


0*89 


„ 16- 


005 


0-05 


0-04 


0-06 


17- 


0*13 


0-23 


0*28 


0*18 
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Rainfall for March 189& — contiDned. 





Stations. 


Datb. 


Piethorn. 
Gold Creare. 


Denshaw. 

Kew Tear's 

Bridge. 


Castleihaw. 


Strinesdale. 




Height of Grange 


Height of Gange 


Height of Gange 


Height of Gauge 




aboTe Sea Level, 


above Sea Level, 


above Sea Level, 


above Sea Level, 




894 Feet. 


1,012 Feet. 


875 Feet. 


815 Feet. 


1896. 


Inchek. 


Inches. 


Inches. 


Inches 


March 18 - 


— 


— 


— 


— 


„ 19- 


0-04 


0*06 


0-06 


001 


n 80- 


0-10 


12 


0*10 


0*06 


,. 81- 


0*01 


— 


— ~" 


■' 


n 88 - 


0*08 


» 0*09 


0*08 


0*09 


n 83^ 


— 




— 


— 


« 84- 


0-07 


0*12 


0-18 


0*09 


•. 85- 


0-20 


0*15 


016 


0*07 


« 86- 


0*88 


0*62 


0*51 


0*39 


.. 87- 


0*40 


0*27 


0*24 


0*28 


f, 88- 


0*05 


0-29 


0*24 


0*28 


„ 89- 


0*01 


0-05 


0*06 


0*03 


„ 80- 


— 


— 


• ^ 




,. 81- 


— 


"^^ 








4*88 


6*26 


5-97 


4-50 



Rainfall for April, 1896. 



1896. 


Inches. 


Inches. 


Inches. 


Inches. 


April 1 - 


— 


— 


— 


— 


o 2 - 


0-04 


0*08 


0*05 


0*06 


„ 3 - 


^^^ 


— . 


0*02 


0*08 


M 4 - 




0*08 


. — 


0*05 


« 5 
» 6 - 
M 7 - 
„ 8 - 
„ 9 - 


"" 


— 


002 


^^~" 


0-06 


0*11 


^ 0*11 


0*03 


„ 10 - 


0*17 


012 


0*18 


0*08 


„ 11 - 


0*05 


009 


0*08 


0*06 


„ 12- 


0'04 


0*10 


0-07 


0*10 


„ 18 - 


0*10 


0*16 


0*17 


Oil 


„ 14 - 


0*08 


0*12 


Oil 


0*17 


M 15 - 


11 


0*15 


0-13 


09 


,. 16 - 
„ 17 - 


0*28 


0*36 


0-42 


0-29 


M 18 - 
., 19 - 


" 




_ 


... 


» 80 




— 


— 


— 


„ 81 - 


— 


— 


— — 




n 22 - 


— 






— — 


,• 88 - 


— 


— 


— 


— 


„ 84 - 


— . 


— 


— 


— 


„ 85 - 


005 


Oil 


008 


0*08 


« 86 . 


0*08 


0*04 


0*08 


O'Ol 


„ 87 - 


0*25 


0-24 


0-21 


0*20 


„ 88 - 


0-25 


0*12 


0*14 


012 


„ 89 - 


0*01 


0*05 


0-08 


0*08 


M 80. 


0*10 


0*16 


0*20 


0*08 




1*68 


204 


8*00 


1*59 
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Ramfali Jor May, 1896. 





Stations. 


Date. 


Piethorn. 
Cold Greave. 


Denshaw. 

New Tear's 

Bridge. 


Castleshaw. 


Strinesdale. 




Height of Gauge 
above Sea Level, 
894 Feet. 


Height of Gauge 

above Sea Level, 

1,012 Feet. 


Height of Ga!ige 

above Sea Level, 

875 Feet. 


Height of Gauge 

above Sea Level, 

815 Feet. 


1896. 
May 1 - 
„ 2 - 


Inches. 


• 

Inches, 


Inches. 


Inches. 


« 8 . 


— 


— 


— 


— 


„ 4 - 


— 




/ ___ 




„ 5 - 


. — 


— 


— 


— 


„ 6 - 


— 


— 


— 


— 


» r - 


— 




— 


— 


„ 8 - 

„ 9 - 
« 10 - 
. 11 - 


— 


— 


— 


^^^^ 


— 


— 


— 


— 


„ 12 - 


— 


-— 


— 


— 


,. 18 - 


— 


— 


— 


— 


„ 14 - 


— 


— 


— 


— 


„ 15 - 
« 16 - 


— 


—— 




^^~ 


„ 17 - 
., 18 - 
„ 19 - 
„ 20 
„ 21 . 
,. 22 - 


0-05 
0-09 
0-02 
0-45 
0-04 


015 
0-16 
0-09 
0-49 
007 


014 
0-15 
0*02 
0-43 
0-03 


0-07 
O-ll 

005 
0-40 
0-01 


„ 23 . 
„ 24 - 
„ 25 - 


— 


— 


- — 


— 


„ 26 - 
M 27 - 
.. 28 - 


— 


— 


— 


— 


,. 29 - 
« 80 - 


— 


— 


— 


— 


M 81 - 


— 


— 


— 


— 




0-65 


0-96 


0-77 


0-64 



Noie9 on the Characters of the Oathering Ground. 

The whole of the gathering ground is composed of moorland, and 
the surface soil is peatj in character. The amount of peat varies very 
much on the gathering groond. There are large areas where the {<oil 
18 onlj partiaUj peaty. The soil is usually most peaty and deepest on 
the higher and flatter portions of the gathering ground. On the slopes 
of the hills the soil is thin, and where the sides of the valleys are very 
precipitous the underlying rock appears on the surface. The vegetation 
consists for the most part of coarse grass in an active stage of growth, 
but heather is abundant in many places, particularly where there exists 
much decaying vegetable matter and boggy land. Briefly stated, it 
would ^eem that wlier^ the poll is least peat^, ap^ well drained, grain 
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grows most freelj, but that where the soil is boggj in character heather 
and moss flourish. The surface soil rests on grit or shale, and the peat 
beds overlie a layer of day 12 to 18 inches thick. The denudation on 
the slopes of the hills is very considerable, and in storm time large 
quantities of disintegrated rock, as well as peaty matters, are carried 
down the watercourses. Nearly all the water draining from the 
gathering ground has a rapid fall, but high up on the hills there is a 
considerable opportunity afforded to the water of stagnating in the peat. 
Much of this peaty water, however, fails to reach the water works, 
as it is only washed into the streams during flood time, and the 
exceptional control of the reservoirs with storm-watercourses prevent 
its contaminating the water supply. The streams mainly run over 
rocky and sandy beds for considerable distances before being collected 
for waterworks purposes. 

Passing briefly in review the different systems of supply, it may be 
stated that the Piethorn System appears to receive least, and the 
Castleshaw System most peaty water. The former certainly draina 
land less peaty than the latter. On one portion of the Piethorn gathering 
ground ditches have been cut to prevent the rain from stagnating in 
the soil. The effect of this has been to stimulate the growth of grass 
on the surface, and to improve the quality of the water draining there- 
from. Similar improvements have been carried out on other portions 
of the gathering ground, and in general the attempt has been made to 
get the water in bulk into the reservoirs as soon as possible. The 
opper reaches of Cudworth and Dowry Becks drain lands exceptionally 
peaty, but — and this especially in the case of Dowry Beck — much of the 
water in ordinary conditions of rainfall is held by the peat or lies in 
bog holes, and can only be washed into the watercourses in flood time, 
when it is not permitted to reached the reservoirs. The moorland 
stream supplying Beadycon Dean Reservoir derives its water from a . 
peaty area comparable to the area drained by Dowry Beck, 



Conditions Jaund to exist on the Gathering Ground on April l^Kr 

and May 15^A, 1896. 

The rainfall previous to April 16th and May 15th was below the* 
average. The rainfall for March, April, and May is given in 
accompanying tables. 

The reaction of the water in the reservoirs and in the moorland 
streams was tested with an alcoholic solution of lacmoid. 

Piethorn System. April 16th, 1896.---The water in Kitcliffe and 
Ogden Reservoirs is used for compensation purposes, and so no test 
was made of the reaction of this water. The water in Piethorn 
Reservoir was only very slightly acid, and so was the water entering 
Piethorn Reservoir from Hanging Lees Reservoir. The water issuing 
from the tunnel which conveys the water from the Denshaw System to 
Hanging Lees, and the water in Hanging Lees Reservoir, appear to 
contain only traces of acid. 

The water from the main moorland stream supplying Piethorn 
Reservoir was neutral in reaction, and so was the water from Cold 
Greave Olough. The latter, however, traced upwards towards its 
source, became gradually acid, a fact to be attributed probably to the 
presence of more peaty and less spring water in its upper part. It is 
not unlikdy that Piethorn and Cold Greave Cloughs yield an acid 
water in flood time, when the proportion of spring water to sur&ice 
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draiiiage water is lessened. The arFaogement of the storm* water* 
courses is sucbi' however, that flood water is not. permitted to enter the 
water supplJTi and is used instead for compensation purposes. ' 

.Water is also pippd to Plethorn Beservoir fcom ^d.whieb ia perhaps 
exceptionally peatj. This area has been carefully drained by ditches and 
pipes, and with the result that where the vegetation was scanty befor^, 
grass now flptirisheB. The water from the various drains i& discharged 
hj a common pipe into Piethom Beservoir, and this water was found to 
he slightly acid in reaction. It is reasonable to suppose, .however, that 
> the improved drainage would lessen the acidity of this water by pre- 
venting the rain from stagnating in, and saturating the ' peaty soil. 
Other and similar areas exist on this gathering ground which are 
drained in the same way. 

Castleshaw System. April I6th, 1896. — The water in Upper and 
Lower Castle Shaw Beservoirs was acid. The main moorland stream 
supplying this waterworks system is Cud worth Beck, and the water in 
it, as well as in some of its chief tributary, feeders, was found to be 
distinctly acid. As has been already described, Cudworth Beck drains 
land exceptionally peaty in character. The pitching of the lower part 
of the bed of this stream, while it prevents denudation of the hill slopes, 
may also prevent a certain amount of neutralisation of the water. It 
seems that the flow of water along a rocky bed, and the constant washing 
down of rock and sand from the hill side?, has a certain neutralising 
cilect in the case of an acid moorland water. 

Denshaw System. May iSth, 1896. — ^The water in New Year's 
Bridge Reservoir appeared to be faintly acid in reaction. The water in 
Crook Gate and Dowry Beservoirs was acid. The water in Beadycon 
Dean Beservoir and its main feeder was not tested, but it is probaUe 
that it is — at all events occasionally — acid, since Crook (Sate Beservoir 
%akes its supply from this source. Dowry Beck — the water in which 
was running very low owing to the prolonge^i drought — ^was tested at 
intervals along its entire course, and found to be neutral. Four of its 
chief tributary feeders were tested : one was neutral, but the other three 
were acid in reaction. In its upper part Dowry Beck receives neutral 
water from a number of small *' ochre *' springs. The water from these 
springs loses most its iron as soon as it issues from the ground. 
Owing to the prolonged drought hardly any water was draining from 
the surface soil. The water lay, however, stagnating in peat holes, and 
when tested with lacmoid gave a distinctly acid reaction. A sample of 
water was obtained from one of these peat holes, and it was noted whilst 
collecting it that the water was quite warm to the touch. Much of the 
peat on this, as well as on other parts of the gathering ground, rests on 
clay. From the nature of the collecting gi^ound it seem^ likely that 
Dowry Beck contains an acid water in storm time. The amount of 
shale and sand washed down the beck from the slopes of the hills in 
Htorm time is very great, and a large " wreckage " lodge is provided at 
ita lower end to deal with this matter. It is to be noted that this 
extensive denudation of the hills may be a not unimportant factor in 
bringing about the neutralisation of the water. 

Flood water is excluded trom the water supply by storm watercourses. 

Samples of water were collected for detailed examination from New 
Yearns Bridge, Piethorn, and Upper Castle Shaw Beservoirs, from 
Dowry and Cudworth Becks, from the Tunnel Exit from the Denshaw 
System, and from a depression in the peat at or near the origin of 
Dowry Beck. Later a sample of water from Beadycon Dean Brook was 
examiued, and also a sample of water from Dowry Beck in heavy flood. 
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Tbe results of. the examination of these waters is shown in an accom- 
panyuig table. BriefLvy the anaIj»is.-of' these waters fihowed that the 
water from Fiethori^ Nej7 Xear'/i Bridge, and Upper Castle Shaw 
Beservbirsy and the wat^r ^rom /the, Tunnel Exit from the Denshaw 
Sjstem was slightly acid, and dissolved lead to a small extent, that the 
water from Dowry. Beck was neutral, and free from plnmbo-solvent 
ability, and that the water from Codworth Beck was distlnotly acid, and 
acted distinctly on lead. The water from the bog hole near the origin 
of Dowiy Beck was extremely add, and dissolved lead in a very marked 
maoner. The sample of water from Beadycon Deao Brook, obtained at 
alatw date, was neutral, and free from plumbo-solvent ability. The 
water in this stream was running very low at the time the sample was 
collected, and it is probable, from the peaty nature of the ground which 
it drains, that it would be acid in flood time. 

A sample of water obtained from Dowry Beck in heavy flood waa 
found to be very acid, and to act on lead in a mai'ked manner. 

With regard to the waters tested on the gathering gi'ound, but not 
collected for more detailed examination, it is to be noted that when a 
water gives a neutral, or only a very faint acid reaction with lacmoid, it 
will not dissolve lead under laboratory conditions of experiment to any 
appreciable extent. 

Remarhi on the Results yielded hy the Chemical Examination in 
reference'to the observed Character of the Gathenng Chrowid, 

It is to be noted that the character of the gathering ground is such that 
it might be expected that the reservoirs would contain water more acid 
than was actually found to be the (Sise. Doubtless the adequate provi- 
sion of storm- watercourses to carry off the flood -water in connexion with 
all the systems of water supply, and the somewhat unique conditions of 
supply, by which the water is conveyed by gravitation from reservoir to 
reservoir, have much to do with the observed quality of the water. 

Passing briefly in review the different systems of water supply, the 
following points are to be noted ; — 

Piethorn System. — The water in Piethorn Reservoir was found to 
be slightly acid, and to possess some plumbo-solvent ability. This 
acidity appears to be derived from the Denshaw System of supply, and 
perhaps also from the moorland streams which enter the upper end of 
the reservoir. These streams drain moorland which is not very rich in 
peat, which does not afford exceptional opportunities for the stagnation 
of' the rain in the soil, and which is covered, for the most part, with an 
active growth of grass. Nevertheless, it is not unlikely that these 
streams may contain acid water when the proportion of surface 
drainage water to spring water is largely increased, and it is possible 
that the storm- watiTCourses may carry only the worst portion of this 
water to compensation, and that the purer, but still acid water, may 
occasionally be permitted to pass into the waterworks supply. 

Eeference has already been made to a small but acid supply of water, 
piped to the reservoir from land carefully drained but somewhat rich in 
peat. This water is probably too small in amount to affect prejudicially 
the body of water in Piethorn Reservoir. 

Denshaw System. — The water in Now Year's Bridge Reservoir was 
only very slightly acid in reaction, and its action on lead was incon- 
siderable. Dowry Reservoir, which supplies the above, appeared to 
contain a more acid water, the acidity probably being derived from 
Crook Gate, which in its turn is supplied from Reudycon Dean, the 
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snpplj to tbe latter reservoir being from a moorland stream whicli 
drains land exceptionally peaty. Dowry Beck was neutral, bat it is 
more than probable that in storm time it contains an acid water, and it 
is possible that some of this acid water gains an entrance into Dowry 
Beservoir, notwithstanding the provision of a storm-watercourse. A 
sample of water obtained at a later date from Dowry Beck in heavy flood 
was found to be very acid, and it acted on lead to a remarkable extent. 
The neutral condition of Dowry Beck on May 15tli may be traced to 
the fact that almost all the water in it was derived from springs, and 
very little from surface drainage. The precipitous slopes of the hills 
along the lower part of its course, and the rocky bed on which the water 
nins, probably tends to improve the quality of this supply even in flood 
time. It has been already remarked that the extensive denudation of 
the sides of the valleys may be beneficial in the way of neutralising anj 
acid in the water. So far as could be seen, those of its tributaries which 
were found to be acid drained peaty land, and those which were neutral 
contained chiefly spring water. The extraordinary acidity of the water 
coUected'from one of the depressions in the peat at or near the origia 
of Dowry Beck, appears to be due to the rain saturating and lying 
stagnant in peat seiieral feet in thickness, and resting on clay 12 to 18 
inches in depth. On this portion of the gathering ground ^e lateral 
fall of the water is very slight, and since the peat rests on clay, there is 
little opportunity afEorded to the rainfall of sinking into the underlying 
rock. Hence the rain saturates the peat, accumulates in depressions, 
and escapes only by slow percolation in a lateral direction; Neverthe- 
less, it is to be noted that very little of this water appears to reach 
Dowry Beck, unless in storm time. 

Casileshaw Sygtem, — The main streams supplying Upper Castleshaw 
Reservoir are pitched to the crest of the hill, and while this 
arrangement limits the denudation of the hill sides and so probably 
reduces the amount of peaty and solid matters entering the reservoir, it 
perhaps also prevents a certain amount of neutralisation of the acid 
water by contact with sand and rocky debris. However this may be, 
it is certain that Cudworth Beck is distinctly acid, and dissolves lead to 
a considerable extent. Its acidity appears to be derived from th& 
drainage of exceptionally peaty land. 

The water in Upper Castleshaw Keservoir, as might be expected, was 
also acid, and dissolved lead to an appreciable extent. 

In conclusion, the following points deserve consideration. The 
acidity of the various waters appeared to be traceable to the more or 
less prolonged contact of rain water with peat. This was especially 
observed on the upper and flatter portions of the gathering ground, 
where the peat was several feet in thickness, and rested on clay, and 
where the fall was too slight to allow of efficient drainage. The neutral, 
or nearly neutral, condition of some of the waters seemed to be due to 
the comparative absence of peaty water and tbe presence of spring 
water. Other agencies at work which might be expected to control 
the acidity of the waters gaming entrance to the reservoirs have been 
already alluded to, e.^., the provisions of storm-watercourses, the flow 
of the water on rocky and sandy beds, Ac 
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Oldhav O0BPOBA.T10N Watbbwobks. 
Tablb IS.-^Chemical Results, 





Description of 


Acidity. 


Action on Lead (Beanlta atated aa 


Parts 






In Terms 
of 0.0. 


per 100.000). The action on Lead was tested 
by upward filtration through 50 cus. 


^ 


the Sample of 
Water. 


Beaotion 

with 
Lacmoid. 


^Na,00, 

required to 

neutralise 

100 CO. of 

the Water. 


perMcc 


1 


lat 
50c.a 


2nd 
ftOcc. 


Srd 
60 0.0. 


4th 
60C.C. 


6th 
6O0.& 


Ayerag« 


1 


April leth. 1896. Pie. 
thoni Beaenroir. 


Slightly 
acid. 


0-80 


0-1 


0-4 


0*4 


0-4 


0*4 


0-84 


8 


Hmt 16th. 1886. Pie. 
thorn Beservoir. 


Slightly 
acid. 


0*80 


0-1 


0-1 


0-2 


0*2 


0*8 


0*16 


3 


April 16th. 1886. Tmrael 
exit from Denehaw 
Bjttem, 


Trace acid 


Trace add 




Tr 








4 


April 16th, 1886. Cnd- 
worth Beck— near 
inlet to Upper Castle- 
ahaw Beeervoir. 


Distinctly 
acid. 

• 


0-64 


0*6 


0*8 


1*0 


1*0 


1*2 


0-82 


5 


April 17th. 1886. Upper 
OBctleshaw Beeeryoir. 


Blixhtly 
acid. 


0-2* 


0*1 


0*2 


0-2 


O'S 


0*8 


0*22 


6 


Ua/ 16th. 1886. New 
Year'B Bridge Bewir. 
Yoir. 


Trace acid 


0-18 


0*1 


0-1 


0-1 


0*1 


0*1 


0*10 


7 


Murmh.lSM. Dowry 
Beck— near inlet to 
Dowry Beserroir. 


Neutral 


Neutral 


0-0 


O'O 


O'O 


0-0 


0*0 


0*00 


8 


May 16th. 1886. Bog 
Hole about 1^4S0 feet 
aboTe sea level and 
near origin of Dowry 
Beck. 


Very acid 


2*20 


6*0 


8*0 


8*0 


10-0 


10-0 


8*60 


• 


July 14th, 1896. Beady- 
ooD Dean Brook, m 
time of drought. 


Neutral 


Neutral 


0*0 


0*0 


0*0 


0-0 


0-0 


000 


10 


Anguat Srd. 1886. Dowry 
Beck during heavy 
flood (1*52 inchee of 
rain fell in 1| hoora). 


Very acid 


1*82 


2*4 


8*2 


8-2 


C8-2 


8*2 


8*04 
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Survey No. 19. 

PRESTON CORPORATION WATERWORKS. 

Source op the Watbr Svpply and Genera^l Descriptioit 

OF THE Waterworks. 

The supply is obtained from moorland at Whitewell, aboat"20 niiles 
from Preston. There. are two systems of water supply; known as the 
L^ngden ^d Haredea Systems. 

Langden System, — ^The water from the River Langden is carried 
into A screen chamber, about 530 feet above sea-level. The screen 
contains 16 meshes (256 holes) to the square inch. The water, after 
screening, is conveyed in a covered conduit to the measuring basin in 
the Langden Valley. 

Hareden System, — A similar arrangement to the above exists in 
oonnezion* with the Hareden Brook. The water from Hareden Brook is 
carried into a screen chamber, about 475 feet above sea-level. After 
screening, the water is conveyed along a covered conduit to the 
measuring basin above mentioned, where it joins the water from the 
River Langden, after which it passes, through the measuring basin 
along a covered conduit to Grimsargh Reservoirs. 

From Alston Reservoir the water passes into the Grimsargh (Service) 
Reservoirs, three in number, and eventually through fine screens of 60 
meshes (3,600 holes) to the square inch, and direct to the town. The 
whole of the water from the River Langden and Hareden Brook is not 
available for waterworks purposes. The portion not used escapes along 
the natural course of the streams as compensation water. In storm 
time none of the water is allowed to enter the screen chambers, being 
turned down the stream by the servants of the Corporation. 

The following notes on Preston Corporation Waterworks are of 
interest : — 

Level of Intake on Screen Chambers at Rivers Langden and 

Hareden. 

About 530 and 475 feet above sea-level respectively. 

Delivery oj Conduit from River Langden and Hareden Brook,. ' 
6^ niilliop gallons per day (maximum). 

Level of Grimsargh Service Reservoirs above Sea-LeveL 
234 feet. 

Capacity of Reservoirs. 

Alston - - - 84,217,354 gallons. 

Grimsargh (3) - - - 59,173,000 „ 

Level of Screen Chamber at Chrimsargh Service Reservoirs, 
222 feet above sea-level. 

Consumption, 
3^ million gallons per day (average). 
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Average Nearly Jtainfallfor last Five Years, 

Preston - *♦ - . .• 35*86 inches. 

IiaDgdeQ gatberiag gronnd — - 71*75 
Hareden gatbcflTiDg ground • - « 73*33 



9f 



Drainage Area, 

Area of Langden gfttheiiirg groand 
«« Hiareden ,, «. 



3)795 acres: 
970 
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The following are the monthly i-etums of the rainfall on the Langden 
and Hareden gathering ground for the first 6 lie months of 1896 : — 



1896. 


Langden Gathering 
Ground. 


Hareden Gathering 
Ground. 


January - - - 
February ... 
March . , . - 
April - - 

May 

June ... 

• * 


Inches. 
6-50 
6'75 
10-80 
4-30 
0-80 
4-45 


Inches. 
6-60 
6-80 
10*85 
4*35^ 
0-8i 
4-30 



Notes on the Characters of the Gathering Ground. 

The gathering ground is composed of moorland. The surface soil 
over most of the gathering ground is peaty in character. Its "depth 
appears to be greatest on the higher and flatter portions of the gathering 
. ground, and least on ihe precipitous slopes of the hills. The vegetation 
consists for the roost part of coarse grass, but portions of the gathering 
ground aro covered with heather. The surface soil rests on grit or shale 
which in its upper layers appear much disintegmted. On the slopes of 
the hill the surface soil is so thin that in places the underlying rock is 
visible, and has the appearance of sand beds. In storm time much of 
this snndy matter is washed into the streams. ' Nearly all the water 
draining from this gathering ground has a rapid fall. Possibly high up 
on the flatter portions of the hills some opportunity may be afforded 
to the water of stagnating in the peat. The water in Lano-den and 
Hareden Brooks, as well as in the main tributary streams, runs on rocky 
and sandy beds, and for a considerable distance, before being collected for. 
water wcrks purposes. 

Conditions found to exist on the Gathering* €rround on March lOth 

1896. ' 

The rainfall previous to March 10th was above the average, and the 
streams on the above date were running fuller than is usual. The 
monthly returns of the rainfall for the first six months of 1896 are given 
in an accompanying table. Lacmoid solution was used to test the 
reaction of the various watera. 

Langden System. — The water after, passing through the screen 
chamber, and the water in J^angden Stream was neutral in reaction. 
A number of small tributary streams to Langden Stream were tested. A* 
few of these were acid, and appeared to contain chiefly peaty water the 
rest were neutral, and contained spring water, or, at all events, wa(er 
not essentially peaty in character. The water from these little tributaries 
yielding an acid reaction was not sufficient to alter the reaction of the 
body of water in Langden Brool^, 
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Hareden System. — The water, after screening, and the water in 
Hareden Brook, was neutral. None of the small streams sappljing 
Hareden Brook that were tested gave an acid reaction. 

It is to be noted that a water which does not give a distinctly add 
reaction with lacmoid will not dissolve lead to any appreciable extent 
under the conditions of experiment in the laboratory. Judged by 
this standard, the water from Langden and Hareden Systems may ba 
regarded as free from plombo-solvent ability. 

Samples of water were collected for more detailed examination fh>m 
Langden Stream, and an acid and peaty feeder supplying Langden Stream. 
Sabsequenlya sample' of water from Alston Reservou* and from the main 
supplying Preston was obtained and submitted to examination. The 
results are given in an accompanying table. It is to be noted that the 
only water which possessed an acid reaction and plumbo-sol vent ability 
was the peaty water from a small tributary stream to Langden Brook. 

Remarks on the Results yielded by the Chemical Examination of the 
Waters in reference to the (^served CharcLcters of the Gathering 
Crround, 

Preston and Blackburn gathering grounds adjoin each other, and the 
character of the ground and mode of obtaining the water supply is nearly 
the same in each case. 

As explaining the neutral condition and freedom from action on lead of 
the water supplied to Preston — notwithstanding its moorland origin— 
the foUoTiing points are to be noted. The bei^g of these points on 
the quality of the water supply is discussed in the description of Mock- 
burn Corporation Waterworks. The exclusion of storm water from the 
waterworks, the provision of screen chambers, the flow of the water for 
-considerable distances along rocky and sandy beds, the precipitous 
.slopes allowing of a rapid flow of water and efficient drainage of the soil, 
the comparative absence of peaty and boggy land, the shallowness of the 
peat beds, the active growth of vegetation, and the small proportion of 
peaty water to spring water or water not peaty in character. 



Preston Ck>BPORATioN Watbrworks. 
Table 19. — Chemical and Bacteriohgical Results, 



Description of 

the Sample of 

Water. 



Uth March 1896. 
Langden Stream 
water before entering 
■creen chamber. 

iS UthUareh 1896. smaU 
peat feeder to 
Langden Stream. 

17th March 1896. water 
from Alston BcBer- 
voir, near outlet. 

16th July 1896, Preston 
main water. 



Acidity. 



Reaction 

with 
Lacmoid. 



Neutral 



Add 



Neutral 



Neutral 



In Terms 
of c.c. 

1* Na,CO, 

required to 
neutralise 
100 c.c. of 
the Water. 



Action on Lead (Besnlts stated as Parts 
per 100,000) . The action on Lead was tested 
oy means of upward filtration through SO cc. 

washed Lead Shot at the rate Ot 3 mins. 
perSOcc. 



Ist 
SO CO. 



2nd 
50 cc. 



Srd 
Oc.c. 



4th 
50 c.c. 



6th 
60 cc 



ATeiage* 



TXvmhnd 
IIioro^>rgsiiisa 
in 1 CIS. of the 



Neutral 


0*0 


O'O 


0*0 


0*0 


0*0 




0*36 


C'8 


0*4 


0*6 


0*6 


0*5 


0*«i 


Neutral 


0*0 


0-9 


00 


0*0 


0*0 


0*0 


Neutral 


0*0 


0-0 


0-0 


0*0 


0*0 


0-0 



ni 



The plate wis too 
crowded to aUov 
of the ookoDisi 
b^DDg oovnted. 
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ROCHDALE CORPORATION WATERWORKS 

fMnrrli.l'^mel 
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Survey No. 20. 

ROCHDALE CORPORATION WATERWORKS. 

Source op the Watkk Supply and General Description of the 

Waterworks. 

The snpply is obtained from moorland gathering grounds within a 
few miles from Rochdale. There are two sets of waterworks, the old 
and the new. The latter obtains its supply from two separate systems. 

Old Works. — There are two reservoirs on this gathering ground, 
and the course taken bj the water is as follows : — ^Two small mountain 
streams unite and enter Brownhouse Wham Reservoir at its upper end ; 
here also enters the water from a catch -water drain which collects water 
from a large moorland ^rea. The water passes from Brownhouse Wham 
into Hamer Pasture Reservoir, and is conveyed from thence by a single 
main to the town of Rochdale. There are no filter beds, but the water 
in HAmer Pasture Reservoir is treated with lime by means of boats, 
the lime (whiting — ^about 1 gr. to 1 gallon) being thrown with scoops 
on the surface of the water. Some distance from Brownhouse Wheun 
Reservoir there is a 40-yards mine (Cartridge Nook Colliery). The 
water draining from this area used to reach the waterworks, but now 
is wholly rejected, as it was found that it contaminated the supply to a 
serious extent. No arrangements exist for preventing storm water 
from entering the reservoir. 

Neto Works. — Here there are two separate systems of water supply. 

Cowtn System. — Cowm Reservoir receives its supply chiefly from 
Cowm Brook, a mountain stream draining a large area of moorland. 
The water from Cowm Reservoir is filtered through sand, and enough 
whiting is added to the water in the filter beds to cover the sand with a 
thin coating of lime. Afler filtration the water is carried in a single 
main to the town of Rochdale. 

No arrangements exist for preventing storm water tem entering 
Cowm Reservoir. 

• 

Spring Mill System. — ^The chief supply to Spring Mill Reservoir 
is Prickshaw Brook, which drains a considerable tract of moorland. 
A small mountain stream also enters the reservoir on the west side. 
The water is filtered through sand and whiting as at Cowm Reservoir. 
After filtration the water is carried in a single main to the town of 
Rochdale. No arrangements exist for excluding storm water firom 
Spring Mill Reservoir. 

The pipes from the Hamer Pasture, Spring Mill, and Cowm 
Reservoirs are connected together so that the water supply can be 
afforded either separately or in conjunction, as circnmstances require. 

The following notes on Rochdale Corporation Waterworks are of 
interest :— 

Rainfall. 

Average yearly rainfall in Rochdale, 42 inches. 

9, „ ,) on gathering ground, 49 inches. 
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Area, Depth, and Capacity of Retervoirs. 



Area. . - > -. 


Depth. 


Capaeitj. 


Cowm Beservoir, 40 acres ... 
Spring Mill Reservoir, 24 acres - - - 
I^wnhouse Wham Reserroir^ i 1" acrev 
Hamer Pasture liescrvoir, 9 acres 


51ft. 
46ft. 
26ft. 
5Sft. 


228,000,000 gallons. 

184,000,000 H 
47,000,000 ^ 
72,000,000 „ 



' 'Dfainage Area. 
Old Works.— 600 acres. 

Vttw TiT/ifiro / Cowm system, 960 acres. 
jNew VYorKs.— ^ jgpring MiU 878tem, 660 acres. 

Consumption of Water. 
2,000,000 gallous dailj. 



Rainfall from February 1st to March Srrf, 1896. 



Date. 


Bain&U, 
in inches. 


Date. 


BainfalU . 
in inches. 


1896. 






1896. 






February 1 


- 


— 


February 17 - 


- 


— 


« 2 


- 


0-025 


18 


- 


— 


„ 3 - 


- 


* 


19 - 


- 


— 


„ 4 


- 


— 


„ 20 . 


- 


0-055 


„ 6 • 


- 


0-020 


„ 21 • 


- 


0-255 


>» 6 - 


. 


0*020 


„ 22 . 


• 


0-39S 


f, 7 


• 


035 


2^ 


- 


~- 


,. 8 - 


. 


0*120 


„ 24 


. 


.— 


ff 9 


- 


0-140 


» 25 - 


. 


— 


„ 10 - 


. 


— 


„ 26 . 


m 


^m^m 


« 11 - 


• 




„ 27 - 


m 





,> 12 


. 




„ 28 


. 


0-260 . 


,. 13 ; - . 




0-255 


» 29 . 


. 


0:300 


« H 


- 


1 ■ 


March I - . 


- 


0-885 


„. 15 - 


- 


— 


,. 2 - 


- 


0-200 


.. 16 - 


~ 


"""" 


„ 3 


" 


0-460 



Notes on the Character of the Crathering Ground. 

The gathering ground is composed of moorland, and nearlj the 
whole of it is covered with grass. The 8oil is only partially peaty, and Is 
thin and well drained. The underlying rock is chiefly millstone grit. 
The slopes of the hills are precipitous, and the moorland streams mu 
for the most part on rocky and sandy beds, and for considerable 
distances before being collected for waterworks purposes. On the 
higher and flatter portions of the gathering ground, the soil appears to 
be more peaty and deeper, and it is possible that here the rainfall may 
have exceptional opportunities for stagnating in the soil. As regards 
the proportion of sp^ng water to sur&cs-drainage water, it ia to be 
noted that a considerable amount of the total yield of water in ordinary 
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^eonditioiks . o£ iTfkiafall appemrs to haye {Massed through the s^ and 

become a]cQre4 by its passage through or over the underlyipg ixKsk. 

These care. 86 vetai stone aiid co»l quarries on Uiis gathering ground/ The 

water draining Irom at least one of the^ irerkingd is of- very bad.qnalitj, 

,and here^. the. rock (eoal) is rich in iron pjrites. It is poesible that irdn 

pjrites. maj: be present in the rock elsewhere on the gathering ground^ 

.and that water equally bad in quality «iay drain from such areas. 

.. Coaipariing..tbe different 'Siystein^ i^- waterworks supply, the lii^Iofwing 

points are to be noted. There appears to be less peat on the gathering 

ground of the Spring Mill system than on the areas drain^ .by .Hi 

Cowm system, or the old works. Nowhere, however, is the peat as 

.abundant as might be expected in the case of a moorland gathering 

.ground. The drainage area of the oljd works perhaps offers the greatest 

opportunity foi^ stagnation of the rainfall iii the soil. Cowm and 

Prickshaw Brooks, the main sources of supply to the new works, are of 

the nature of mountain streams, running on rocky and sandy beds, 

and with a very rapid fall of water from their respective drainage 

areas. 

Conditions found to exist on the Gathering Ground on 

March Srd, 1896. 

On March . 3rd, 1896, the streams on the gathering ground were 
running fuller thau normal. The daily rainfall. from February }st to 
March 3rd, 1896, is given in an accompanying table. 

An alcoholic solution of lacmoid was used to test the reaction of the 
various waters. 

Old Works. 

The two small moorland streams entering the upper end of 
Brownhouse Wham Reservoir were acid in reaction. The water in 
the catch-water drain, which collects water from a large area of 
moorland, was also acid. Formerly the drainage from the neighbour- 
hood of a 40-yards coal working entered this supply. This water is 
now rejected, as it was found to be extremely acid, and to contaminate 
the supply. Certain interesting facts in connexion with this water, as 
well as experiments with water filtered through the rock (coal, rich in 
iron pyrites) obtained from the quarry are detailed elsewhere. The 
water in Brownhouse Wham Reservoir wat* acid, and it was also turbid 
and discoloured. The water in Hamer Pasture Reservoir — no doubt as 
a result of the lime treatment — was clear and neutral in reaction. 

New Works, 

Spring Mill System, — The main source of supply is from Prickfihaw 
Brook, and this water, as well as the water in Spring Mill Reservoir, 
was found to be neutral. A small beck entering the west side of the 
reservoir was acid, and when traced upwards towards its source, 
divided into two smaller streams, one of which was found to be acid and 
the other neutral in reaction. The water before and after filtration was 
neutral. 

Cowm System, — Cowm Brook and Cowm Reservoir were both acid, 
T)ut the water after filtration was neutral in reaction. 

Samples of water were collected for more detailed examination from 
Spring Mill, Cowm, Brownhouse Wham, and Hamer Pasture Reservoirs. 
The result of the examinution of these waters is given in an aceom- 
i^^ying table. It is to he noted that the water from Spring Mill 
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Beservoir was practically neatral and free from plambo-solvent abilitj, 
and that the water from Cowm and Brownhoase Wham were acid and 
acted distinctly on lead. Hamer Pasture Reservoir water was neutral 
and free from plumbo-solvent ability. As regards the waters tested on 
the gathering ground, but not submitted to detailed examination, it is 
to be noted that when a water gives a distinctly acid reaction with 
lacmoid, it will dissolve lead, but when it gives a neutral reaction, or— 
at all events — ^not a distinctly acid reaction with lacmoid, it will not 
dissolve load to any appreciable extent under laboratory conditions of 
experiment. 

Remarks on the Results yielded by the Chemical Examination of the 
Waters in reference to the observed Characters of the Gathering 
Ground. 

It is to be noted that the general characters of this gathering ground 
are not of such a nature as might be expected to yield an acid water. 
Thas the beds of peat are not extensive either in depth or superficial 
area ; the soil, which supports a luxuriant growth of roagh pasture 
grass, is only partially peaty in character, the proportion of s|iring 
water or water not peaty to peaty water is considerable, and but little 
opportunity exists for stagnation of the rain in the surface soil. It is 
important, therefore, to inquire somewhat closely into the cause of the 
acidity of the various waters examined. 

Old Works, — Here, perhaps, more than anywhere else on the gathering 
ground, opportunity is afforded to the rainfall of stagnating in the 
surface soil before being collected for waterworks purposes. Beference 
has already been made to a very acid water which naturally drains into 
this supply, but is now rejected. From the result of certain experi- 
ments detailed elsewhere, the acidi^ of this water appears to be due to 
the oxidation of iron pyrites which is present in large proportion in 
the rock (imperfect coal). Filtration experiments through rock rich 
in this substance, and collected from the qoarry, yielded strikins results. 
In brief, neutral distilled water after filtration through the jxhx, became 
extremely acid, and when sufficiently diluted with neutral distilled 
water dissolved lead to a very marked extent. The following equation 
may be taken as representing the action : — 

FeS,+Ha04-7 OsFeSo^+H, S04. 

It is possible that, notwithstanding the careful selection of water 
exercised by the waterworks officials, some water which has passed 
through rock similarly rich in iron pyrites may enter the supply. It is 
certain that a very small quantity of this acid water would contaminate 
a large bulk of water. 

On most gathering grounds this question does not assume the impor- 
tance arising in this case, because, as a rule, the strata which might be 
suspected to contain iron pyrites crop out lower down than the lowest 
level of '' intake " for waterworks purposes. 

New Works. 

Spring Mill System. — With the exception of the small moorland 
stream entering the west side of the reservoir the water was all neutraL 
The explanation seems to be that the conditions already alluded to, 
which favour a neutral state of water draining from moorland, are hers 
at their best. Thus, among other things, there appears to be a large 
proportion of spring water and not much peaty water ; the slope of ths 
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bilk drainiDg water to Prickshaw Brook are preclpitouSy the water in 
Prickshaw Brook rana for a considerable distance along a rocky and 
sandy bed, &c. As regards the small moorland stream which, when 
traced upwards toward its soorce was found to divide into two smaller 
streams, the one neutral and the other acid, it is to be noted that the 
latter contained more peaty water than the foimer, and drained land 
where greater opportunity existed for stagnation of the water in the soil. 
The fact of the water in the reservoir being neutral points to the 
probability of Prickshaw Brook having, not only on March 3rd, but 
always, a similar reaction. 

Cowm System. — Here the water in Cowm Brook and Cowm Beservoir 
was acid, and although Cowm Brook drains moorland having less of 
the conditions favouring a neutral state of the water draining from it 
than existed in the case of Prickshaw stream, yet the characters of its 
drainage area do not appear to be such as might be expected to yield 
a distinctly acid water. Possibly, as was suspected in the case of the 
old works, some water reaches this supply which has become contami- 
nated by contact with rock rich in iron pyrites. The acidity of the 
water in the reservoir does not necessarily imply that Cowm Brook is 
always acid ; it may be that in time of drought it is neutral, and in 
flood time more acid than the body of water in Cowm Reservoir. 

In conclusion, it is to be noted that watercourses are not provided 
for dealing with storm water. It is probable that the quality, as regards 
acidity and plurabo-solvent ability, of the water in Brownhouse Wham 
and Cowm Beservoira might be improved by the exclusion of flood 
water. 

BocHDALB Corporation Waterworks. 
Table 20,— Chemical Result s. 



Description of 
ihe Sample of 
Water. 



Addity. 



Reaction 

with 
Lacmoid. 



InTerma 
ofce. 

l^Na,CO, 

required to 

neutraliee 

100 C.C. of 

the Water. 



Action on Lead (Results stated as Farta 
ner 100,000) . The action on Lead was tested 
07 means of upward filtration through 60 co» 

washed Lead Shot at the rate of 9 mins. 
perfiOcc. 



1st 

0OC.C. 



2nd 
fiOcc. 



Srd 
60 cc. 



4th 
60O.C. 



6th 
60 cc 



ATSTSse* 



March 4th, 1896, water 
from Spring Mill 
Reservoir. 

March 4th, 189B, water 
fh>m Cowm Reservoir, 

March 4th, 1896. water 
from Brownhouse 
Wham Reservoir. 

March 4th, 1896, water 
fh>m Uamer Pasture 
Reservoir. 



r Paint 
trace acid. 


PFkint 
trace add. 






r Faint 


tn.oee. 




Acid 


0*90 


0*1 


0*9 


0*4 


0-6 


0-6 


Add 


0*96 


0-9 


0-4 


0-6 


0-6 


0*6 


Neutral 


Neutral 


0-0 


0*0 


0-0 


0*0 


0-0 



0-9S 
0*44 

0*00 
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SHEFFIELD COEPOJIATION WATERWORKS. . ' : 
Soirficfi'Ojfe"ME WArEti Supply an^ GismsBAL D«scRiwxoN dJ^ " 

THB WATteBWORkS. '' 

The water supply of the Sheffield Corporation is derived from 
njoorland gathering grounds, situate some five to eight- miles west ef 
Sheffield. The high leyel supply- is ohtaine4l from gathering git>unds . 
at Redmires, and the low level from gathering grounds which lie 
immediately to the north of the high level supply in the upland valleys 
of the Rivers Bi velin and Lozley, botib' tributaries of the River Don'. ' 

High Level Supply. — ^There ai-e three reservoirs on this gathering 
ground, atid the course taken by the water is as follows : — Trpper 
Redmires Reservoir is supplied with water from Oaken Clough Conduit 
wbich extends for a distance of about two miles, drains a large, area of 
moorland, and begins in a mountain stream known as Qaken Clough. 
*A calchwater extends along the west bank of the reservoir, and is 
connected with the Oaken Clough Conduit at the north, and with 
Fairthorn Clough at the south end of the reservoir. It receives water 
from a' number of small streams draining from moorland. The water 
from Oaken Clough Conduit, Fairthorn Clough, and the catchwater, are 
the only sources of supply to this reservoir. Middle Redmires Reservoir 
is supplied with wat^r from Upper Redmires. *A small catchwater 
extends along the south-west side of the reservoir, and collects for the 
most part storm water draining from the adjacent moorland. Lower 
Redmires Reservoir is supplied with water from Middle Redmires. A 
small mountain stream, known as Wyming Brook, enters the south side 
of the reservoir, and it drains moorland near White Stones. 

The gradual passage of the water from Upper to Middle, and from 
Middle to Lower Redmires, allows the peaty matter to subside, and 
purifies the water to a considerable extent. 

From Lower Redmires the water can be sent down the Wyming 
Brook to Rivelin, or carried to a chamber where it is treated with 
carbonate of lime (whiting), by means of an ingenious arrangement which 
works automatically, and which thoroughly mixes the water and lime 
together. Rather more lime is added to the water than it is capable of 
dissolving, about two grains to the gallon. From the chamber, the 
treated water carrying an excess of lime in suspension, is conveyed for a 
distance of seveval miles in a channel made for the purpose to Hadfield 
service Reservoir, for distribution in the borough. In its passa«;e along 
this channel the water becomes less and less milky, until at last before 
reaching Hadfield Reservoir all the lime is either in solution or is 
deposited. 

Low Level Supply. — This supply is best described under two 
headings. 

Rivelin System, — There are two reservoirs on this gathering ground, 
Upper and Lower Rivelin. The Upper Reservoir is supplied with water 
from Rivelin Brook, which drains a very large area of moorland. The 
Lc»wer Reservoir is supplied chiefly from the upper, and it also receives a 
certain amount of water from Wyming Brook. The water from the 
Rivelin Reservoirs is piped to a depositing pond where it mixes with the 
water from Allan Sike, and is given out as compenstition water. The 
water from the tunnel from Loxley Watershed, can be taken into the 

♦ The waterworks engineer Bapplies a note to the effect that these catchwaters 
were made under circuinstanccs which no longer obtain. 1897. 
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d^KKiting pond, or witb that froai the Upper and Lower Reservoirs into 
the gauge basin, from thence it is convejed in a conduit to Crook's Moor 
service reservoirs for distributrohin the borough. The passage of the 
water, from Uppeff!^tc>'Ld weir BbreUn, and fnooi Lower Bivelin to the 
depositing pond allows of a considerable amount of^sabsidence of 
suspended matter. ' 

Loxley System. — Their are four reservoirs on this gathering ground, 
known as Strines, Dale Dike, Agden, and Damflask Beservoirs: Strines, 
Dale Dikey and Agden waters are used for domestic use, and DamHask 
water for compensation. .The coarse of the water is from Strines to 
Dale Dike, and from Dale Dike to Damflask. The water from Dale 
Dike IS joined by- the water from Agden before entering Damflask 
Repenroir. From Damflask, the water is supplied for compensation only. 
The water from Strines, Dale Dike, and Agden Reservoirs is also carried 
by means of a conduit and tunnel to the depositing pond at Rivelin. 
The chief source of supply to Strines KeseiToir is from Bents Ulough, 
Pears House Clough, and Strines Brook. Agden Reservoir is supplied 
with water from Agden water and Rocher Brook. Damflask receives 
the water from Ughill Brook, as well as the overflow waters from Dale 
Dike and Agden. Dale Dike, ns has been already indicated, receives 
its supply from Strines Resei'volr and its own gathering ground. 

The water from this (low level) system of water supply is not treated 
in any way. 

Ko special arrangements appear to exist, in connection with the high 
and low level systems, for excluding storm water from the waterworks. 
Mr. Marsh, the waterworks engineer, however, remarks that the waters 
from different sources can, if desired, be taken or left at the discretion 
of the waterworks manager, and he takes occasion to note at the same 
time the purpose for which, in his view, the storage reservoirs have 
been constructed : — '* The purpose for which properly designed storage 
'' reservoirs are constructed, viz'., to Store water gathered in times of 
*' flood in order to distribute it over periods of drought ; otherwise 
" such costly works would be unnecessary, and it would be suflicient to 
'* pipe the streams to the localities requiring a supply." It is to be 
regretted that the above is only too true in the caee of many moorland 
water-supplies ; that not only is the '* dry weather flow," which is 
u&ually neutral, and free from action on lead, taken for waterworks 
purposes, but that "storm water,'' which is usually peaty, acid, and 
possessed of plumbo-solvent ability, is commonly utilised as well. 
The disadvantage of this practice may be illustrated, thus : — If the' 
water from the supply streams to the Redmires Reservoirs were allowed 
to enter the waterworks only under ordinary conditions of rainfall, the 
water stored in these reservoirs would, in all probability, remain neutral, 
instead of being acid — as was found to be the case on June I4tfa, 
1895. 

The following notes on Shefiield Corporation Waterworks are of 
interest : — 

RainfalL 

-Average yearly rainfall in Sheffield - -1 

on gathering ground - | These data 
on the high level - - S- could not be 

on gathering ground . - [ . obtained.. 
01) the low level - 
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Capacity y 4^., of Storage Reservoirt. 



Name. 




Top Water 


Depth, 


Level, in 


in 


Feet. 


Feet. 



Capacity, In 
Gallons. 



Upper Redmires 
Middle „ 
Lower „ 
Upper Rivelin 
Lower „ 
Depositing pond - 
Agden- 
Strines 
Dale Dike 
Damflask 



About 1,150 


43 


-- 


36 


— . 


29 


About 700 


SI 


— - 


15 


About 650 


90 


„ 800 


67 


„ 700 


67 


„ 500 


85 



343,000,000 

187,500,000 

139,500,000 

48,500,000 

175,000,000 

8,000,000 

629,000,000 

513,000,000 

486,000,000 

1,158,000,000 



Drainage Areas. 

Bedmires, Upper 1 

Middle V 2,108 acres. 

Lower J 
Bivelin, Upper - 

„ Lower - S 2.870 
DepositiDg pond 






Agden 
Strines • 
Dale Dike • 
Damflask - 






n 



2,990 
2,890 
1,089 
3,747 

15,703 
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r Total drainage area of existing 
*' \ works. 



Consumption of water, — ^About 7^ million gallons daily. 

Daily Rainfall on High and Low Level Gathering Grounds from 
lUh May 1895 to 14M June 1895, inclusive, and Weekly Rainfall 
over the same period at Dale Dike Reservoir : — 



Date. 


Bedmires. 


Bivelln. 


Date. 


Kedmires. 


BiTclin. 


1895. 


Inches. 


Inches. 


1895. 


Inches. 


Inchea. 


May 14th - 


— 


— 


May 80th - 


•090 


•110 


„ 15th- 


— 


— 


„ 3l8t 


— 


.^ 


„ 16th - 


— . 


' — 


June Ist - 


•180 


•170 


„ 17th. 


-180 


•115 


„ 2nd 


•070 


•160 


„ 18th - 


— > 


— 


„ .3rd - 


•005 


— 


„ 19th- 


•005 


... 


„ 4th 


•015 


•005 


„ 20th - 


•040 


•040 


„ 6th . 


^ 


— 


,. «l8t- 


•065 


*080 


„ 6th 


.— 


^-~ 


„ 22nd - 


_ 


— 


„ 7th - - 


i.~ 


— 


„ 23rd- 


•oos 


•005 


„ 8tfa 


— 


.. 


„ 24th - 


•160 


•415 


„ 9th . - 


~- 


— . 


„ 25th. 


•120 


•050 


„ 10th 


•— 


mmm. 


„ 26th - 


-. 


.— 


„ nth- - 


•160 


•140 


„ 27th- 


.i. 


m^ 


„ 12th 


•005 


•055 


„ 28th - 


— 


— 


„ l«th. . 


— 


— 


„ 29th. 


.^— 


^■^ 


., 14th 


^m^ 


•010 
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Dale Dike Seservair. 

For the year 189o. 

Week ending May 18th - - * 16 inches. 

„ 26th . . . -26 „ 
y, June Ist - • '12 „ 

yf tf 8tli - - - '24 19 

»f f> 15th . - -17 „ 

Notes an the Characters of the Oathering Grounds, 

Hiah Level Supply. — The gathering ground U composed ectirdj of 
moorland. Feat is abundant everywhere on the collecting gi*oundy acd 
it varies in thickness from 1 to 6 feet, or even more in certain 
places. The vegetation consists chiefly of heather and moss, and in a 
few places rough pasture grass is to be found. Shale and millstone grit 
underlie the surface soil. The slopes of the hills near the resteivoira 
are fairly steepy but higher up on tlie collecting ground the ground is 
much flatter, and here the peat is most abuudiint and attains to its 
greatest thickness. 

The drainage from the soil in the neighbourhood of the resen'oirs u 
more or less satisfactoryy but on the upper portion? of the draiiiHge area 
the conditions are much less favourable, and here the wuter stagnates in 
the peaty forming peat and bog holesy and marshy places. The dry 
weather flow in the streams is small in amount, there being but few 
hillside springs. On the other hand, the flow during storms is very 
great, and consists chiefly of peaty water derived from surface 
drainage. 

Low Level Supply. — The gathering ground of the low level supply 
diflers in certain respects from the high levely but the difference b one 
of degree rather thui of kind. Thus the peat is far less abundant 
supeHicially and in depthy the drainage from the soil is more rapid, and 
there are but few places where the water can stagnate in peaty soil ; 
the slopes of the hills are more abrupt, and the water drains more 
rapidly into the waterworks, and the spring water is greater, and the 
peatv water less in amount in the low as compared with the high level 
supply. It is to be noted also that the streams on this collecting ground 
run on rocky and sandy beds for a considerable distance before being 
coUecsted for waterworks purposes, andy in many instancesy they are 
bordered by plantations of trees. Lastlyy the soil in many places con- 
tains very little peat, and there are large portions of the gathering 
ground covered with the growth of grass. 

Conditions found to exist on the Gathering Ground on the 14/A and 

15M June 1895. 

It is to be noted from the accompanying table that the rainfall 
previous to the above dates was much below the average. The stream?, 
in cousequeiice, contained chiefly spring water and very little water 
derived from surface drainage. 

Laemoid was used to test the I'eaction of the various waters. Judging 
by laboratory experiments a water which gives a neutral reaction with 
laemoid has little or no plumbo-solvent ability, but a water which gives 
an acid reaction will dissolve lead to an extent depending on the amount 
of the acidity. 

High Level Supply. -^The water in Upper, Middle, and Lower 
Bedmires Reservoirs was tested at various points, and was found to be 

K 8578. X 
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distinctlj acid. Oaken Clough Conduit contained neutral water. The 
water in Fair thorn Clough was neutral, but on being traced upwards, 
one of its chief tributaries was found to be decidedly acid. The waters 
in the catchwaters in connexion with Upper and Middle Redmires was 
neutral, and the small stream supplying Lower Redmires had a similar 
reaction. The Redmires water was tested just before entering the 
treatment chamber and it was found to be distinctly acid. The treated 
water was tested after it had run ibr some considerable distance along 
the channel leading to Hadfield Reservoir, and it was neutral in 
reaction. The water in Hadfield was neutral and of a dear blue colour, 
whereas the water from Redmires before entering the treatment 
chamber was of a dirty peaty colour. 

Low Level Supply. — Btvelin System. Upper and Lower Rivelin 
Reservoirs contained neutral water. Rivelin Brook, Wyming Brook, 
and Allansyke water were all neutral. The water issuing from the 
tunnel from the Loxlej watershed had a simiUir reaction. 

Laxley System. — All the waters that were tested on this gathering 
ground gave a neutral reaction with lacmoid, viz. : — Strines, Dale Dike, 
Agden, and Damilask Reservoirs, Bents, and Pears House Cloughs, 
Strines Brook, Agden water, Ughill Brook, and Rocher water. 

Samples of water were collected for special examination from the 
following sources : — Strines Reservoir at outlet, Loxley water at 
tunnel exit, Agden Reservoir, Redmires water immediately before 
<< treatment" with lime, Ha«lfield Rescvoir after treatment with 
lime, and Upper Redmires Reservoir. Previously, samples of water 
had been obtained from the high and low services, as supplied 
to the consumers in Sheffield. The results of the examination of 
these waters, which are shown in an accompanying table, may b« 
briefly described as follows : — All the waters were neutral and free from 
action on lead with the exception of the Redmires water. It is to be 
noted that the water from Upper Redmires Reservoir was more acid 
and acted more strongly on lead than (practically) the same water after 
it had passed through Middle and Lower Redmires Reservoirs. Water 
entering Upper Redmires would probably take some weeks or even 
months to reach the outlet at Lower Redmires, and it is possible that 
the mere storage of the water, apart from any otiier influence, may have 
reduced the amount of the acidity. This would correspond with certain 
laboratory experiments in which, when acid moorland waters were kept 
for some time in unstoppered bottles, a decrease in acidity was usually 
noticed. 

As regards the hardness of the various waters, it is to be noted that 
after treatment with lime the Redmires water was materially hardened. 
I/ike most water supplies obtained from moorland sources, all the waters 
were very soft. 

Eemarks on the Results yielded by the Chemical Examination of the 
Waters in reference to the Observed Characters of the Gathering 
Grounds. 

High Level Supply.^The question naturally arises as to why Red- 
mires was acid when all the inlet streams to the reservoirs wero neutral. 
The acidity of the water in the Redmires Reservoirs is only to 
be expected from the characters of the drainage area which have 
been already described. The neutral condition of the ** inlet" streams on 
the 14th June seems to be traceable to the fact that, prior to this date, the 
rainfall was much below the average, and the water draining into the water- 
woi'ks was chiefly from springs and only to an inconsiderable extent firom 
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tbe drainage of peatj soil From the nature of the gathering ground 
it is in the highest degree probable that Fairthorn Clough, Oaken Clough 
Condnit, and the catchwater drains normallj supply the Bedmires Reser- 
voirs with acid water. At Dr. Houston's suggestion Mr. Marsh— then 
the assistant waterworks engineer — kindly tested Oaken Clough under 
ordinary conditions of rainfall an4 with the result that the water was 
found to be acid. 

It may be assumed, with a great amount of probability, that the 
Kedmires Beservoirs are supplied with neutral water (chiefly from 
spring8) during the dry weather flow of the supply streiims, and with 
acid water (chiefly from the surface drainage of peat) during storms, 
and even, perhaps, during ordinary conditions of the rainfall. It has 
already been shown that the acid and peat-coloured Bedmires water 
after treatment with lime was changed into a neutral water of a clear 
blue colour. 

Low Level Supply, -^The marked points of difference between the 
characters of the high, as compared with the low level gathering grounds 
might lead to the supposition that the water draining from the collecting 
grounds would likewise show some qualitative difference. And this was 
found to be the case, for whereas the high level supply yielded an acid 
water, the low level supply was found to be neutral. The neutral 
condition of the low^ level supply appears to be no chance condition 
dependent on drought, for the reservoirs, without exception, con- 
tained neutral water, and from the characters of the dramage areas 
it is unlikely that the supply streams are ever acid even under 
extraordinary conditions of the rainfall. 

Thus, it appears that the chemical results correspond very closely 
with the observed characters of the gathering grounds. 

Sheffield Gobpoba.tion Watebwobks. 
Table 21.— Chemical Results, 



^ 


Description of the Sample 
of Water. 

1 


Beaetion 

with 
Lacmoid. 


Addity 

in Terms 

of cc. 

?6 NstCO. 

required to 
neutralise 

100 CO. of 

the Water. 


Hardness 

(CaOO, 

parte per 

100,000). 


Action on Lead (Besults stated as parts 

per 100,000). The action on Lsad wa« tested 

by upward filtration through fO cc. 

washed Lead Shot at the rate of 8 mine. 

perftOcc 


H 


1st 
60C.O. 


8nd 
60 cc. 


8rd 
60 CO. 


4th 
60 cc 


6th 
60 cc 


Ayerace. 




May ZUU 1895. "High LeTel" 
■appljt from maan in Sheffield. 


Neutral 


Neutral 


6*3 


0*0 


6*0 


•*0 


0*0 


O'O 


0*00 




Maj SlBt, 1S9S. " Low Level ** 
■upplj, from main in Sheffield. 


Neutral 


Neutrsl 


4*8 


O'O 


0*0 


0*0 


00 


0-0 


0*00 




June 15th, 1895. Loxley water at 
tunnel exit, naar aepoeiting 
pond. 


Neutral 


Neutral 


8*84 


0*0 


0*0 


0*8 


0*0 


0*0 


0*00 




June 16th. 1895. -Outflow" 
water from Strines Beeenroir. 


Neutml 


Neutral 


2'94 


0*0 


0*0 


0*0 


O'O 

1 


O'O 


0*00 




June 15th. 1896. Agden Beser- 
▼oir water. 


Neutrsl 


Neutral 


8*78 


0*0 


0*8 


O'O 


O'O 


0-0 


0-00 




June 15th, 1895. Bedmires 
water immediately before 
"treatment "with lime. 


Acid 


0'S4 


8*98 


0*0 


01 


0-8 


0-B 


0*8 


0*16 


• * 


June 16ih. 1896. Bedmires 
water after " treatment ** with 
lime. Sample taken from 
Uadfleld Beaenroir. 


Neutral 


Neutral 


6-78 


00 


0*0 


0-0 


0*0 


0*0 


0-00 




June IStfa, 1806. Upper Bed- 
mires Besenroir watw. 


Acid 


0*86 


8*64 


0*1 


0*8 


0*4 


0*4 


0*6 


0*84 



N i 
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Survey No. 22. 

SHIPLEY (ELDWICK) WATERWORKS, 

SOUHGE OF THB WaTEB SUPPLT AND GbNEBAL DbSCBIPTION OF 

THB WaTEBWOBKS. 

llie water supply of Shipley is obtained from Rombold's Moor, about 
four miles to the north-east of Shipley. 

Th6 water draining from Rombald's Moor is stored in Oraincliffe ami 
Eld wick Reservoirs. The water from Graincliffe is conveyed to sand 
filter beds, and from thence by the high level condait direct to the high 
parts of the town of Shipley. The water from Eldwick Is carried by 
the low level conduit to the service rcFervoirs near Baildon, and from 
thence to the low levels of the town. Tt is not filtered before delivery. 
More in detail, the arrangements for the collection of water are as 
follows :— 

Graincliffe Reservoir is situated at a height of 845 feet above sea 
le\el, and is supplied with water from the following sources : Grainclitfe 
stream drains a large aiea of n.oorland, and enters the reservoir at its 
north-western extremity. Blackdyke su*eam drains a considerable tract 
of moorland to the north of the reservoir. This water when iw reaches 
the reservoir is carried in a bye-channel to the north-east angle of the 
leseivoir. Here it mixes with the water from Weecher Flat and can be 
turned into the reservoir or carried along -the overflow channel to the 
lowiT reservoir. Weecher stream drains peat land known as Weecher 
Flat, and the water, after mixing with Blackdyke, can be turned into the 
reservoir or carried down the overflow channel to the bed of Eldwick 
Beck, which leads to Eldwick Reservoir. The " outlet " water from 
Grainclifle Reservoir is piped to the filter beds, and it can also be sent 
down Eldwick Beck to the lower reservoir. The GruinelifPe drainage 
aiea all lies immediately to the north of the reservoir, and Graincliife 
collects the water draining from the west side, V^^eecber the water from 
the east, and Blackdjke the water from the middle poilion of tho 
gathering ground. 

Eldwick Reservoir is situated at a height of 689 feet above sea level 
and is supplied with water from Eldwick Beck. Eldwick Beck can 
I eceive the water from Weecher or the mixed water from Weecher and 
Blackdyke, or the overflow from Grainclifle Reseivoir, or the outlet 
water from the higher reservoir. 

As has been already explained, the Graincliffe water, after having 
been submitted to sand filtration, is carried direct to the high levels of 
the town, whereas the Eldwick waler is carried without filtration to the 
service reservoirs for the supply of the low -lying parts of Shipley. 

For some three or four years prior to 1897 whiting has beeu used to 
neutralise the acidity of the high level sen'ice. Before May 1895 the 
council undertook the formation of bye-channels, so that after a period 
of fine weather the caretaker can divert the first flush of foul water, and 
])revent it from entering the waterworks. 'J1ie waterworks authorities 
believe that this has materially reduced the amount oi acid water gaining 
access to the waterworks. 
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Tbe following notes on Shipley (Eldwick) Waterworks are of 
interest : — 

Rainfall, 

Average yearly rainfall in Shipley - - No gauge. 

yy 9, 9, en the gathering ground 34 * 35 average for 

three years. 

* 

Capacity^ 4^., of Graincliffe and Eldwick Reservoirs, 



Name. 


Capacity. 


Top Water 
Level. 


Depth. 


Area. 


Graincliffe . - - 
Eldwick .... 


Gallons. 
95,531,000 

25,000,000 


Feet. 
845 

689 


Feet. 
45 

38 


Acres. 
17 

ft 



Consumption of Water, 
750,<X)0 gallons per day. 

Drainage Area. 
1,248 acres. 

Weelily Rainfall on the Gtsthering Ground from September 1st to 

October 27thr 1894. 



Hainfcll for the week ended September 8th, 1894 

15 
22 
29 



99 

ff 

99 
>9 



99 

9* 
99 
19 



99 
9» 
99 
99 
99 
99 
99 



99 
99 



99 

October 

99 
99 
99 



6 
13 
20 
27 



99 
99 
99 
99 
99 
99 
99 



Inches. 
0-55 
001 
0-38 
000 
0-16 
0-54 
0-34 
3-49 



Notes on the Characters of the Gathering Ground. 

The gathering ground is composed entirely . of moorland. Peat 
covers practically the whole of the drainage area, and varies in depth 
from 1 to 10 feet. Its average thickness over a considerable portion 
of the collecting ground is from 2 to 4 feet. The peat re<«ts on a stiff 
marl, and the rock underneath is millstooe grit. The whole of the 
drainage area is nearly flat, with a gentle slope from north to south, 
and the feeders — Graincliffe, Blackdyke» and Weecher — are of the 
nature of large peat drains fed laterally by numberless smaller peat 
drains. A remarkable feature of this supply is that practically all the 
water reaching the waterworks from Rombald's Moor comes from tbe 
drainage of peat, and none from springs. The spring water crops out 
lower down in the valley. The rain falling on the collecting ground 
saturates the peat, accumulates* in hollows and depressions, and only 

* It is only right to state that Mr. Bhode8, clerk to the Shipley Local Board, who 
has had ample opportunities of obsenring the characters of the gathering ground 
under rarying conditions of tho weather, is of opinion that the water does not lodge 
as aboTe stated, except in isolated cases. It may here be remarked that Mr. Rhodes 
and the waterworks officials have done the utmost in their power towards facilitating 
the work in connexion with the lead poisoning inquiry. 
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slowly escapes by lateral percolation, the marl hiaderiog the water 
from escaping readily in a downward direction. It follows from the 
above that a large portion of the drainage area is of the nature of a 
huge flat peat sponge lying on a more or less impermeable bed. This 
sponge holds an enormous body of water in its interstices. When a 
flood comes the water which has lain in contact with the peat for days, 
or weeks, or months, is washed into the waterworks, and fresh water 
takes its place. There is very little pasture grass on this collecting 
ground, in many places the soil is bare of vegetation, black peat 
alone showing on the surface, and in other places there is an abundant 
growth of heather and bog moss. It is only right to state that the 
waterworks authorities have endeavoured to improve these unfavourable 
conditions. Thus rough limestone filters have been placed on the 
course of Graindiffe stream, and ditches have been cut in numerous 
places to &cilitate the passage of the water into the main streams and 
to prevent the rain from stagnating in the peat, and generally the 
attempt has been made to get the water in bulk into the reservoirs as 
soon as possible. 

It is to be noted that most of the feeders run on clay bottoms. Some 
authorities have held that the acidity of moorland waters disappears in 
process of time owing to the feeders gradually washing away the surface 
soil and eventually running on clay and rocky beds. It is evident that 
the above can only be true to a very limited extent in the case of this 
water supply. 

la nearly all the feeders the banks ore of peat, and overhang, and 
in consequence large quantities of peat are washed into and along the 
beds ef the streams, and finally into the reservoirs. 



Conditions found to exist on the Gathering Ground on October 25, 

1894. 

The rainfall prior to the above date is given in an accompanying 
table. It is to be noted that, owing to the preceding rains, the streams 
were running fuller than normal. 

Lacmoid was used to test the reaction of the various waters, and it 
is to be noted that under laboratory conditions of experiment, when 
a water gives a neutral reaction with this indicator, it will dissolve lead 
to an extent depending on the amount of the acidity. The water in 
Graincliffe and Eldwick Reservoirs was found to be distitictly acid. The 
three streams draining Rombald's Moor, viz., Grainclifle, Bluckdyke, 
and Weecher, were very acid. One of these — Weecher — was traced for 
a consideruble distance up its course, and the water was tested at many 
points, and always found to be acid. Grainclifie and Blackdyke werH 
followed all the way up to their source* in peaty and boggy land. As 
regards Grainclifife, one very small ferruginous stream was found 
entering it near its source. The rest of its feeders, seven in number, 
drained peaty, boggy, and marshy land, and they all yielded a highly 
acid water. The source of the supply to Blackdyke was also carefully 
investigated. Like Graincliffe, the water was acid along its entire 
course, and only one minute stream could be found supplying with 
neutral water. Eleven peat drains supplied it with acid water on the 
west side, and the same number of feeders entered the east side, all 
having a similar reaction. Besides the above, a large number of testa 
were made of the water stsgnating in peaty, boggy, and man>hy 
places, and the water dripping from the peat bordering on and over- 
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Iwoging the feeders. In all cases the water was found to have an acid 
reaction, and the degree of acidity appeared to be associated with the 
amount of contamination with peaty water. 

Samples of water were collected for more detailed examination from 
the following sources : Graincliffe, Blackdyke, and Weecher streami, and 
Eldwick Beservoir. The results are given in an accompanying table, 
and may be briefly summarised as follows : All the waters were very 
add, and acted strongly on lead, the reservoir water being least con- 
spicuous in these respects. The waters were " soft," but not so *^ soft " 
as might be expected, considering their source. Experiments show that 
the more acid moorland waters are, the *^ harder ** they are apt to be, and 
that neutralisation with sodium carbonate distinctly ^* softens ** them. 

Samples of water were obtained at regular intervals and over a 
considerable space of time from Eldwick Reservoir. The results are 
shown in a separate table, and will be discussed elsewhere. It may be 
stated here^ however, that the results showed that the water was invariably 
add, and possessed of great plumbo-solvent ability. 

Bemarka on the ResvlU yielded hy the Chemical Examination of the 
Wdter$ in reference to the Observed Characters of the Gathering 
Ground. 

It is to be noted that the water in the storage reservoirs (Qraincliffe 
and Eldwick), and in the feeders supplying these reservoirs (Qraincliffe, 
Blackdyke, and Weecher), was found to be very acid. The expla.nation 
is to be sought for in the characters of the watershed, which have been 
already described. Thus it has been shown that peat is very abundant 
superficially and in depth, that there is very little spring water and a 
large amount of peaty water, that the rain saturates the soil and lies 
stagnant in peaty and mossy pools and in marshy places, and that the 
drainage from the soil is very slow, /(c, &c. The acidity and plumbo- 
solvent ability of the various waters is not to be regarded as a chance 
condition, depending on the rainfall prior to the date of visiting the 
gathering ground. In all probability Qraiucliffe, Blackdyke, and Weecher 
always contain an acid water, because, unlike mcsi moorland streams, there 
is practically no ^ dry weather flow " from hillside springs. It is almost 
certain that Graincline Reservoir is always acid, becaube samples obtained 
periodically from Eldwick Reservoir, which is fed from the same drainage 
area, were always found to be very acid. 

It is important to note that not only were the main streams — Grainclifle, 
Blackdyke, and Weecher — add, but that all the tributary feeders that 
were tested had a similar reaction, with the exception of an inconsider- 
able amount of water entering Graincliffe and Blackdyke. These 
tributary feeders — 29 in number — were in many cases drains cut in the 
peat to carry away the rain water which saturated the soil and accumulated 
in hollows and depressions, forming peat bogs and swamps. 

The results of the inspection of the gathering ground, together with 
the chemical tests, seem to show that acidity is to be associated with 
drainage from pea^ and that the decree of acidity is to be associated 
with the amount of contamination with peaty water. 
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Shiplet (Eldwick) Waterwobks. 
Table 22. — Chemical lieadts. 



^ 


Description of the Sample 
of Water. 


Reaction 

with 
Lacmoid. 


Acidity 

in Terms 

of cc 

required to 

neutralise 

100 cc of 

the Water. 


Hardness 

(OaOOt 

parts per 

100,000). 


Action on Lead (Results stated as I^rts 

per lOOjOOO) . The aotion on Lead was tested 

by upward filtration throuxh 80 e.& 

washed Lead Shot at the rate of 8 mina. 

par 60 ex. 


1 


1st 
60 cc 


8nd 
60 cc 


8rd 

60 cc 


4th 
60 cc. 


6th 

60 cc 


Average. 


1 

8 
t 

4 


Ootober 86th, 1804. Grain- 
cliffe etream, one of the 
main feeders to Qraindilfe 
Reservoir. 

Ootober 86th, 1801 Weecher 
stream, one of the main 
feeders to Oraincliffe 
Reservoir, or to Eldwick 
Reservoir. 

October 85th, 1894. Black- 
dyke stream, one of main 
feeder to Gralncliffe 
Reservoir, or to Eldwick 
Reservoir. 

Ootober 86th, 1804. Grain- 
cliffe Reservoir water near 
-ouUet." 


Acid 
Add 

Acid 

Acid 


1*86 
1*06 

1*80 

0*96 


6-6 
4*9 

6-8 

6*88 


8-0 
8-0 

8-0 

1*8 


6-0 
4*6 

6-0 

4*5 


6-0 
6-0 

6-0 

4-0 


6-0 
6*0 

6-0 

8-6 


6-6 
4-5 

6-6 

4-0 


4*60 
4*10 

4-70 

8-60 
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Survey No. 23. 

WAKEFIELD CORPORATION WATERWORKS. 

Source op thb Water Supply and General Description 
OF THE Waterworks. (Far mapy see Survey 13.) 

The water supply of the Wakefield Corporation has, since 1888, been 
obtained from moorland gathering grounds situate at Rishworth, some 
26 miles west-south-west from Wakefield. 

A catch water conduit (Mossmoor Catchwater), nearly 5 miles in 
length, collects, at its upper end, the water from a moorland slrenm — 
Spa Clough. Along its course this catchwater receives the draiuage 
from a very large tract of moorland. All the water draining from the 
hill slopes on the south-east side finds its way into the catchwater, and 
the amount of water thus collected for waterworks purposes is very 
great. In certain instances the water draining from the moors is led 
into a basin so constructed as to keep back the peat. This arrangement 
is used in connexion with most of the large streams and those which 
contain most surface water. Notwithstanding these precautions, which 
are none the less of considerable value, a large quantity of peat finds its 
way icto the waterworks in storm time. 

In many cases rough drains are cut in the soil to facilitate the rapid 
passage of surface water into consumption and to prevent water from 
stagnating in boggy and marshy places. Mossmoor Catchwater dis- 
charges its water (a variable mixture of spring water and surface peaty 
water) into Ringstone Reservoir, and this is practically the only source 
of supply to Ringstone, except in flood time, when an inconsiderable 
amount of surface water enters the waterworks from moorland along 
one side of the reservoir. 

Ringstone is a large reservoir, and a considerable amount of sedimen- 
tation takes place before the water is carried on to Ardsley, where it is 
*' treated *' and stored before its final transmission to the consumers in 
Wakefield. 

At Ardsley, close to the point where the '' inlet" water from Ring- 
stone enters the reservoir, there are a series of large barrels connectiid 
together by pipes, in which a concentrated soda mixture (about 1 lb. 
sodium carbonate to every gallon of watsr) is made. 

Five hundred gallons of this strong solution of soda are allowed to 
mix with every million gallons of Ringstone water entering Ardsley 
Reservoir. 

After storage in Ardsley Reservoir, the ^' treated " water is conveyed 
without any process of filtration to Wakefield. 

The following notes on Wakefield Corporation Waterworks are of 

interest:- Rainfall. . , 

•' inches. 

Average yearly rainfall in Wakefield - - - 26 ' 05 

„ „ 99 on gathering ground - - - 45 '38 

Capacity y etc.j of Beservotrs. 





Capacity. 


Top Water Level. 


Depth. 


Area. 


BiDgstone Beiervoir 
Ardsley „ - 


244,000,000 
820,000.000 


Ft. 

994 above 0. £. 

888 „ „ 


Ft. in. 
45 6 

68 


Acrei. 
49 

59 



Drainage Area. — 1992 acres. 
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2fiMfiQ0 gallons per diem for W«ke6dd wbA 
1,133,000 ,9 M 99 compenntion. 

BainfaU(daSij) oo gathering ground from September 3rd to October 
3rd, 1894 (inclasive). 

Wakefield Watebwokks. 

Daily Rain/aii an Gathering Chround September dedMm October 

Zrd, 1894. 



, 


Gauge. 


Hall 
Gauge. 


Gnat 

W^aldTOD 

Sdge 

Gao^e. 


1894. 


fiinaiooc 
Gan^ 


Slatt 

Hid 

G«se. 


Gfcai 
WaUnm 

Kdge 
Gaoge. 




In* 


In. 


In. 


• 


In. 


In. 


In. 


8ept« 3 - 


•08 


•02 


•01 


Sept. 19 - 


— f 


— 


— 


.. 4 . 


— 


— 


— 


^ JO - 


•24 


•37 


•34 


.. ft - 


•05 


04 


•ot 


., 21 • 


•13 


•12 


•14 


H « - 


•08 


-19 


•18 


« M - 


^— 


— 


— 


M 7 - 


— 


— 


— 


„ 23 . 


— 


— 


— 


n « - 


— 


— 


-^ 


n 24 . 


«-• 


— 


— 


,. » - 


•04 


«— 


— 


o 26 . 


— 


-.— 


— 


•, 10 . 


— 


— 


— 


n 26 - 


•07 


•09 


•08 


M 11 - 


— 


— 


"— 


n 27 . 


— 


— 


— 


« 12 - 


— 


^— 


— 


» 28 - 


^ 


— 


— 


» 18 - 


^— 


^•^ 


— 


n 29 - 


— 




— 


» u . 


■ 1 


^m^ 


— 


.. 30 . 


— 


— 


— 


,. 15 - 


— 





— 


Got. 1 - 


— 


— 


— 


„ 16 - 


— 


— 


— 


M 2 . 


««* 


— n 


— 


.• 17 - 


— 





— 


09 3 - 


— 





* 


n 18 - 


• 02 


•04 


•02 











Note$ on the Character of the Gathering Chround. 

The gathering ground is composed of moorland. The vegetation 
consists partlj of coarse pasture grass, but cbieflj of heather. The 
surface soil over nearly the whole of the gathering ground is peatj, and 
generallj it may be said that peat is very abundant; both as -regards its 
superficial extent and also as regards its depth. 

The rock underlying the surface soil is chiefly MiHstone Grit 

Although the slopes of the hills are fairly abrupt, there are namerons 
areas on this gathering ground where the rain saturates the soil and 
stagnates in peaty and marshy places. 

There is a considerable proportion of spring w«ter as compared with 
surface water under ordinary conditions of rainfall, but in storm time 
the amount of surface peaty water entering the waterworks is very great, 
and its character is such that the good quality of the spring witer is 
lost in the bad quality of the peaty water. 

Conditions found to exist on the Gathering Ground on October Zrd, 

1594. 

It is to be noted that the conditions were not normal on October 3rd, 
1894, as regards the rainfall. Owing to the preceding drought, nearly 
all the feeders to the catch water were dried up, and practically the only 
water entering the waterworks was from the springs. ' 

Bingstone Reservoir was tested at various points^ and the water was 
found to be distinctly acid in reaction. 

Messmoor Catchwater was followed towards its. origin foir several 
miles, and the water running along its channel and the' water draining 
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into it at various points from the catchment area was tested* The 
water in every case was found to be neutral. 

Ardsley Beservolr was visited at a later date, but it is convenient to 
state here that the water from Bingstone Beservoir was distinctly acid, 
and the water in Ardsley Beservoir, after ti'eatment with sodium 
carbonate, wm neutral in reaction. 

The results of the examination of the waters are given in an 
accompanying table. 

Briefly the analyses of these waler^ showed the following : — 

Bingstone Beservoir water (two samples) was very acid, and acted 
strongly on lead. 

Tiie same remark applies to the <' inlet " water (four sampleB) 6001 
Bingstone to Ardsley Beservoir — before "treatment," 

The " treated " water (two samples), as supplied to the consumers in 
Wakefield, was free from acidity and plumbo-soivent ability, as was 
also the " outlet " water (two samples) from Ardsley Beservoir after 
** treatment." The water, as noted above, in Mossmoor Catchwater 
was neutral on October 3rd, 1894, but tTie water from the same source 
obtained at a later date, November 7th, 1894, and after heavy rains, 
was very acid, and had a strong plumbo*solvent action on lead. 

It is to be noted that the neutral '* treated " water was softer than 
the acid " untreated " water. 

Remarks on the Results yielded by tlie ChemictU Examination of the 
Water in reference to the Obsetved Character of the Gathering 
Ground, 

It is of interest to note that while Bingstone Beservoir water was 
very acid on October 3rd, 1894, the ** inlet" water from Mossmoor 
Catchwater was neutral on that date. A possible explanation of this 
difference in the quality of the two waters might be found by supposing 
that the peat, which undoubtedly is washed in large quantities into the 
reeervoir, fermented in the bed of the reservoir. The probable, and, 
indeed, the almost certain explanation, however, lies in the fact that 
prior to October 3rd, 1894, the rainfall was much below the average, 
ond, in consequence, the only water gaining access to the catchwater 
was from moorland springs, which are usually not only neutral but 
possess some acid neutralising ability. On November 7th, 1894, after 
heavy rains, Mossmoor Catchwater contained a highly acid water» no 
doubt due to the enormous increase in the surface water, which, when 
dt-ainiog from peat, seems invariably to be associated with acidity. '1 he 
acidity, it is true, was not so great as the acidity of the reservoir water 
on that date (November 7th, 1894) ; but there is every reason to believe 
that at particular seasons of the year, or at particular periods during 
a storm — perhaps at the beginning — the conditions would be reversed; 

The above affords an excellent illustration of the importance, in the 
case of moorlaud water supplies, of allowing only the ^'fair weather" 
flow to enter the waterworks. Unfortunately the failure to provide 
adequate arrangements for excluding storm water is only too common 
among waterworks, and in many cases, whether this provision exists 
or not, the exigencies of a constant and abundant supply necessitates 
the collection of all or nearly all the water draining from the catchment 
area, independently of its quality. 

In conclusion, it is to be noted that the acid quality of the water 
obtained from this gathering ground, as judged by the state of the water 
contained in Bingstone Storage Beservoir, is quite in keeping with the 
observed character of the gathering ground. It has been shown that 
from the nature of the ground an enormous quantity of surface water 
derived from the drainage of peaty soil must enter the waterworks in 
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Btorm time, and that it igonlj in time of drought, when the surface water 
is dried up, and the spring water alone enters the watei'works, that the 
quality of the water can be expected to be otherwise than peatj. 
Numerous experiments, which are detailed elsewhere, shows con- 
clusively that water filtered (under laboratory conditions) through peal, 
and water draining (under natural conditions on moorland gathering 
grounds) from peat, acquires acidity and plumbo-solvent ability. 

Wakefield Cobporatiox Waterworks, 
Table 23. — Chemical Results. 
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Description of the Sample 
of Water. 



Hardnen 

(GaCO. 

parts per 

100,000). 



Reaction 

▼ilh 
Lacmoid. 



Acidity 
in Terms 
of C.C. 

required to 

neutralise 

100 cc. of 

the Water. 



Action on Lend rReault stated as Farts per 

100,000). ThA action on lead waa tested 

by upward filtration throoKh fiO eisu 

washed Lea'l Shot at the rate of 

8 mins. per 60 e^s. 



1st 
BOCC. 



September 18th, 18M. 'Wakefield 
water ("treated" with Na. 
COj) from tinned lined pipe 
in Dr. Whitelegge's house. 

September 14th, 1894. Wakefield 
water before " treatment " at 
" inlet " to Ardsley Re^exroir. 

October 4tb, 1894. Rinirstone 
Reservoir water— the sample 
of water was collected near 
point of entrance into reser- 
voir of Lowmoor Catchwat«r. 
Wakefield GorporaUoa Water- 
works. 

November 7th, 1894. Bingstone 
Roervoir water— the sample 
of water was collected near 
the "outlet." Wakefield 

Corporation Waterworks. 

Kovember 7 th, 1694. Mossmoor 
Catchwater at inlet to Ring- 
stone Reservoir— the sample 
of water was collected after 
heavy rains. Wakefield 

Corporation Waterworks. 

November 15th, 1894. " Inlet" 
water (from Ringstone Reser- 
voir) to Ardsley Reservoir 
before " treatment " with Na« 
COs. Wakefield Corporation 
Waterworks. 

November 15th, 1894. W^akefield 
water (treated with Na,COs) 
from iron pipe in Aldfsrman 
Plowf r*8 house. 

September 6th. 189S. "Inlet" 
water (from Ringstone Reser- 
voir) to Ardsley Reservoir 
before " treatment " with Na« 
COs. Wakefield Corporation 
Waterworks. 

September 6Ui, 1895. " Outlet " 
water from Ardsley Reservoir, 
after "treatment" with Na^ 
COs. Wakefield Corporation 
waterworks. 

March 28th. 1896. "Inlet" 
water (from Ringstone Reser- 
voir) to Ardsley Reservoir 
befora " treatment " with Na^ 
COs. Wakefield Corporation 
Waterworks. 

March 28th, 1890. "Outlet" 
water from Ardsley Rpservoir 
after "treatment'* with Nat 
COs* Wakefield Corporation 
Waterworks. 
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SEOTTON III.— CONSIDERATION OP RESULTS OBTAINED 
PROM THE SEVERAL SURVEYS REPORTED IN 
SECTION IL 



On Pabticulab Natubal Conditions of Qatbebino Gbounds in 

BELATION TO THE PBESBNCU OP PkAT AND TO THE PlUMBO- 

solybnt Ability of Watkb dbbived fbom them. {See special 
notes of detailed Surveys, heading '' a,**) 

Although all the watarworks surveyed derive their water supply from High gathering 
** high gathering grounds," yet some of them receive water fi'om " upland failed and u^Suod 
areas" which are not essentially moorland in character. SounlScoin- 

The following may he taken as heiug essentially moorland gathering Gath.Ving 

griAindS : — , ^ tiallv moorla..d 

Ashton-nnder-Lyne, Stalyhridge, and Duknifield Waterworks. Both iu ehamcttjr. 
the Swineshaw and Greenfield systems derive their water from 
m lorland sources, hut the former has more peaty water and less 
bprin": water than the latter. 

Raeup Corporation Waterworks. 

Bolton Corporation Waterworks. Entwistle and Springs (misnomer) 
systems. 

Biudford Corporation Waterworks. Thornton Moor and Upper 
Burden drainage arens. 

Burnley Corporation Waterworks. Cant Clough and Smnden gather- 
ing grounds. 

Colno Waterworks. A portion of the higher Laneshaw drainage 
area. 

Dcw8bury and Heckmondwike Water Board. Nearly nil the Dun- 
ford bridge gathering ground. 

Halifax Corporation Waterworks. The greater portion of tlie 
gathering ground in the Hebble, Luddenden, Widdop, and Greave 
valleys. 

Huddersfield Corporation Waterworks. Blackmoorfoot drainage 
area. 

Keighiey Corporation Waterworks. Practically the whole of tlio 
Watersheddels gathering gro'ind. 

Morley Corporation Water woi k-». 

Nelson Corporation Waterworks. To some extent the Cold well and 
Ogden pystems derive their water supply from moorland source^). 

Oldham Corporation Waterworks. 

Rochdale CorpoitUion Waterworks. 

Sheffield Corporation Waterworkr*. High-level supply. 

Shipley Waterworks. 

Wakefield Corporation Waterworks. 

Frcbton and Blackburn Corporation Waterworks are on the whole to 
he 1 egarded as moorland gathering grounds. 

Of these the following appear to stand out pre-eminently as typical Txpirniinonr- 
moorland gathering grounds, namely : — gl?u^I! ^'^^^ 

Bacup Corporation Waterworks gathering ground. 
Bttuiford Corporaiiou Waterworks. Thorntcn ^loor gathering 

ground. 
Halifax Corporation Waterworks. Fly gathering ground. 



but, from the point of view of this inqairj, is chfeflj to be determined 
by the amount of acid contained in it. 

As as example of a waterworks storing a water highly acid, very peaty, 
and of large amount, Shipley may be cited. Here there are three large 
.streams which constitute the main sources of supply. These streams 
are comparable in that they all drain exceptionally peaty land. Also 
they come under the same category as regard? acidity, all of them being 
very acid waters. 

Here then we have a water draining from land which is exceptionally 
peaty, which is very acid, and which is of large bulk. 

Tn other cases we may have a water draining from very peaty land 
and rich in acid, but of relatively small bulk. For example, the water 
carried from the moor through iron pipes into the S. W. side of Tliomton 
Moor reservoir (Bradford Corporation Waterworks). Also Fletcher's 
Dyke, Great Rut, and Deep Slade streams, which discharge into Wilhen's 
Heservoir (Morley Waterworks). These waters drain land excvptionally 
peaty, and are highly acid, but they are of relatively small b.ilk under 
ordinary conditions of rainfall. 

As an example of a water draining land only partially peaty in 
character, and only slightly acid, but of largo amount, mention may be 
made of the water supplying Widdop reservoir (Halifax Corporation 
Waterworks), which comes from the Widdop and G reave Valley j, where 
there is only a sparse distribution of peat. 

Spring' .fiter. Of nearly equal importance with the notes on the extent and distri- 

bution of peat and the amount of peaty water, are the notes which deal 
with the amount of spring water gaining access to the waterworks. 
Speaking from a very large number of experiments, it may be stated 
that moorland spring waters are not only neutral and free fix>m plumbo- 
solvent ability, but that they possess aciii-neutralising ability,* and 
c msequently ability to annul or lessen plumbo-solvency . It is true thaf 
this neutralising force is not usually present in marheJ degree, jet it is 
sufficient in not a few cases to place an otherwise dangerous water in a 
condition of practical safety, so far as risk from lead-poisoniug is con- 
cerned. Exaiupled have already been given of waterworks where the 
proportion of spring water to surface water is very small, and others 
where the conditions are more satisfactory in this respect. It \^as 
pointed out that while the acid neutralising ability of moorland spring 
water is not great, and is fairly uuitbrm, the acidity of peaty water 
\ aries within relatively wide limits. Again, it was noted tliat the ultimate 
state of a mixed moorland water depends very largely on the relative 
proportion of spring and peaty waters, and the degree of acid neutral- 
ising ability of the former and the amount of acidity of the latter. 
Sometimes the good effect of a fairly abundant supply of spring water ist 
lost in the excessive acidity of a comparatively small bulk of peat^ water. 
Again, sometimes the spring water is relatively small in amount and the 
)>eaty water abundant, but the latter may be so slightly peaty in 
character as not to overcome the acid-neutralisiug ability of the ^prin^ 
water. As a matter of practical observation, it may be said that 
when a moorland water as sent into consumption is acid, the gather- 
ing ground is rich in peat, storm water is allowed to enter the 
waterworks, and the dry weather flow is deficient in amount — the 
last, of course, being largely derived from springs. Conversely, 

* It ia to be noted that spring waters are referred to as possjssiag alkaline pro- 
perties or acid-Deatralisiog ability, not as *' alkaline waters " ; the reason being that 
It is doubtful if any potable water is alkaline in the same Genae as peaty waters are 
unquestionably acid. 
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when a moorland water as sent into consumption is neutral, then the 
gathering ground is usually onlj partially peaty in character ; there is 
frecpiently also provision made for excluding storm water from the 
waterworks, and the amount of spring water is commonly sufficient to 
€n&ure a gijod fair weather flow. The reason why spring water is so 
•deficient on moorland gathering grounds is no doubt to be traced to 
ihe high elevation of these drainage areas. Much of the water sinking 
in the ground must crop out at a lower level than the lowest point of 
** intake " for waterworks purposes. There can be no question that 
«ach water, after passing through the deeper strata of rock would be 
extremely valuable for waterworks purposes, and would be likely to 
neutralise a much larger body of water than the small amount of spring 
water which reaches tlie surface at a sufficiently high elevation to allow 
of its being utilised. This is a circumstance which has perhaps not 
been taken sufficient nolice of by waterworks officials iu the past, but 
which is likely to assume greater prominence in the future. 

Other factors may be at work in producing acidity, and must here be Faotonofaoidit.v 
considered, namely, the oxidation of iron pyrites, and the presence of JSd n^^^SteV 
sulphurous or other acid in the rain falling on the gatiiering ground, and presenoe 
This last factor, even if it be supposed to be a uniform source of acid, is ^^^ PJr^^ 
quite luadequate to explain the extreme acidity observed in so many 
moorland waters, and throws no light on those cases where the rain, after 
collecting and lying stagnant in hollows or depressions in the peat, is found 
to be veiy strongly acid. Bain water collected in glass vessels on these 
gathering grounds, although frequently showing a certain degree of 
acidity, never showed an amount of acidity at a'l corresponding to the 
amount of acid found in peaty waters. Kain water collected at a height 
of about 600 feet above sea level in a country district, in places remote 
from the possibility of contamination with smoke from manufactories, 
showed no acidity. In a future report tables will be given dealing with 
this matter more fully. But it may here be definitely stated that the 
feeble acidity observed in certain cases iu the rain falling on the 
gathering grounds is quite inadequate to explain the acidity of moorland 
waters. 

As regards the presence of iron pyrites, there can be no doubt that 
pyrites in the presence of water and moisture would undergo ojcidalion 
changes leading to the formation of sulphuric acid.* But as a matter iron pyritei. 
of fact, so far as could be ascertained on the particular gathering grounds 
examined, the strata bearing pyrites usually crop out at a much lower 
level than the level of the lowest intake for waterworks purposes ; and 
tfie water issuing from the rock on the gathering grounds as spring 
waterf was invariably found to be neutral, and even possessed of acid 
neutralising ability. Such of these springs as contained iron in large Ochre ipringi. 
amount (ochre springs) contained it apparently in the form of carbonate, 
held in solution by carbonic acid^ and tho iron was deposited very 
rapidly on exposure to the air, forming bright orange coloured deposits 
along the course of the streams. These waters, too, were found to be 
neutral and free also from plumbo-solvent ability. 

The iron in the substance of the peat and in the marl underlying the Deposit of iron 
'peat appeared to be present in the form of oxide or carbonate. Deposits |S|£[^*°^ 

* The following equation may be taken as representing the action : — Fe Ss + HfO 
+ 7 O « Fe SO4 + H, SO4. 

t Moreover, there is every reason to believe that the water isHuing from the rock 
low down in mt>orIand valleys is not only not acid, bat possessed of a highor degree 
of acid neutralising ability than water reaching the surface at a higher elevation* 
although both waters perhaps urace their origin to rain falling on the same area. 

£ 88578. O 
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of iron are commouly fouud both in the peat and ia the mnrl, but 
experimentd with these deposits with a view to discoverrng whether or 
not they were concerned in the production of acid always gave a 
negative result, and it may be concluded that the presence of iron, in thu 
foim at all events, has seemingly no relation to the acidity of peaty waters. 
Water from certain more superficial layers of rock which is frequently 
rich in iron (for example, shale and sandstone), on which pest 
directly or indirectly rested, was tested in a variety of ways. These 
experiments tended to show that the rock conferred no acid 
properties on neutral water, and not only did not increase the acidity 
of acid peaty waters, but rather tended to neutralise the pre-existing 
acidity. 

But on one gathering ground (Etochdale Corporation Waterworks^ 
a water was found which was extremely acid* This water drained 
from a disused mine, and samples of this rock were found on 
examination to be very rich in iron pyrites. An artificial filter wa» 
constructed, made up of large and small portions of the rock, and 
neutral water was filtered continuously through it for a number of 
weeks. The filtrate was always exceedingly acid, and when sutficiently 
diluted with wa:er dissolved lead to an enormous extent. Details of 
these results will be given in a future report. 

It has been said that the amount of the acidity in the rain failing 
on icoorlaud gathering grounds is quite insufficient to explain the 
acidity of moorland waters. The same cannot be said as regards the 
acidity produced by the oxidation of iron pyrites, and there can be no 
question that a water such as was discovercni on the Bochdale Water- 
works, gaining access to a supply, would contaminate it to an alarming 
extent. But so f<&r as couhl be ascertdiued by personal inspection^ 
and on inquiry, the Rochdale case is the exception and not the rule, 
and although in certain isolated cases the acidity may be traceable to 
the oxidation of iron pyrites in rock, it is quite certain, as the result 
of very numerous experiments under many different sets o( condition^ 
that the acidity produced in water by contact with peat is aa 
invariable and constant factor. It is only right to state that the 
Bochdale water above referred to no longer gains access to -the 
waterworks. 

Geological noteR. Other considerations, geological and physical, have U> be.tliooght 

of as influencing the compoeition of moorland water from the point of 
view of this inquiry. For example, the geological formation ou 
the gathering ground, the nature of the rock (using the word in its 
broadest sense) immediately beneath the surface soil, the nature of 
the beds of the moorland sti'eams, and the distance these streams 
run before entering the storage reservoirs. Also the nature of the 
vegetation, whether pasture grass, heather, or moss, the amount of 
denudation of the sides of the valleys, the slope of the hills (whether 
precipitous or not), the drainage from the foil (whether slow or rapid), 
and the presence of fiat areas on the higher paits of the gathering 
grounds, allowing of rain stagnation in hollows or depressions. 

These physical conditions have been taken into consideration in all the 
difierent surveys, and is it desirable at this stage to sum up in a general 
way the bearing? of these points on the quality of a moorland water. 

On most of the gathering grounds the geological form tit iou is 
millstone grit, e.g», Leeds, Wakefield, Oldham, Iluddersfield, Black- 
moorfort supply, Dewsbury <fcc., gathering groundp. Shale and flagstone 
and sandstone rock are commonly met with. 
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' ' Iihmediately beneath the peat is usually, but not inTariablj, a layer BzMrimtnte 
6? marl. Experitnents have been tried with powdered shale and sand-, rtide aDdwad. 
stone rock to see whether these substances in the presence of water >toneiook. 
and Oxygen can give rise to. acidity^ It was. found not only that no 
acid was manufactured, but that when naiaraUy«cid .watfira.wot&ieft ij^ 
contk^t with these materials they soffeFed a. slight diminution of 
acidity. On one gathering ground there was a leak in one of the Effect of M in 
leservoirsy and the water tbas escaping, and after pouring through a »«*»r^o»'* 
considerable thickness of rock came to the surface at a lower point in 
the valley. This reservoir water was very appreciably acid, yet the 
wiEkter from the leakage, after passing through tne rock, was neutral. 

It has been asserted that a moorland gathering ground ceases to yield 
an Acid water after the feeders and streams have worn a channel for their 
flow through the peat on to the rock or marl. To show how groundless 
such assertions are the case of Shipley waterworks may be mentioned. 
Here the three main soiuces of supply are from Graincltffe, Weeoher^ 
and Blackdyke streams. These streams run for the greater part of 
their length on clay rock and , sand bottoms. . Tet they yield . a 
continuous supply ot' highly acid water, and. w^ter also possessed of 
powerful action on lead« 

In this particular case the gathering ground is very fiat, and the bed DenudatioD ot 
of the stream is not subject to constant renewal by denuding agencies. ^^ •wi*^* 
Where denudation is extensive, as for example where a stream runs at 
the foot of a gorge with precipitous sides, the case is different. Herei 
there is not only a constant washing of peat, but also of disintegrated 
rock and sand into and along the bed of the stream. That this may in 
certain cases have an important action in neutralising a part of the 
acidity is extremely probable. But it is to be noted that the same rock 
and the same sand cannot be supposed to possess a continuous power of 
neutralising acid. Dowry Beck (Denshaw system, Oldham Corporation 
Waterworks) is a good example of a moorland stream which receives 
enormous quantities of shale and sand washed with every storm from 
the sunronnding hill slopes into its bed) and yet remains acid. .. 

On many gathering ground? thQ. hills which flank the streams are Bpane dittribo* 
pr^ipitous. On these hill, slopes the peat beds are frequently not only 8toep1^i<S^ 
'f)|i^ thin^ i)>ut in many places absent, and -there vfigkj.he ,.large. portions 
where there is no surface peaty soil, but bare areas :of rook,, it^may be^i 
in the .form of beds -of disintegrated shale oc laad, circumstances 
which may be regarded as favoucahle to tfae.qnality of the water.- 
Some such state of things holds good as regards Ogden and Sklrden 
Cloughs (Halifax Corporation Waterworks). 

-Moreover, precipitous slopes necessarily favour rapid drainage from 
the soil, which inhibits acid fornlation in the peat, and frequently allows 
an abundance of spring water, which has an acid-neutralising abiUty, to 
crop out and reach the supply. 

For example, a large body of spring water issues from the precipitous "Cropping out* 
hill sides on the west side of Yeoman Hey reservoir (Ashton-under-Lynes <>' "i^nng water. 
Stalybridge and Dukinfield Waterworks), and if we exclude the water 
draining fVom the tops of these hills where the land is flatter the rain 
water falling on the slopes of the hills passes rapidly into the storage 
reservoir. 

Another example is the Biver Don (Dewsbary and Heckmondwike Upper and lower 
Waterworks) along the lower part of its course. Here the water from the " "•S^lp'"* 
upper reaches (Grain, Little Grain, and Swinehill Cloughs) is acid even SmJS^. ''^'' 
during dry weather flow — the rain tending to stagnate on the upper 
and flatter portions of the gathering ground, and bring therefrom a Isrge 
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body of peaty water, and but little spring water. Lower down the con- 
ditions are very different as the hill slopes bordering the river are 
precipitous, there is a sparse 4iistribution of peat, and a large amount of 
apring water as well as some peaty water gams entrance to the supply. 
The result of this more favourable condition of things was well seen on 
the date of inspection. The reaction of the water changed from above 
downwards from a water distinctly acid to one slightly acid, and then 
finally to a neutral water. 

In all, or nearly all, the surveys allusion is made to the surface 
vegetation. 

' Most of the moorland gatheiing grounds are covered with heather, 
and coarse pasture grass is also frequently present. The gathering 
grounds yielding the most acid water are usually those where heather 
is abundant, the reason being that such areas' are rich in peat. But 
on some gathering giounds, or portions of them, there may be a great' 
deal of black peat and mossy and marshy ground with very little 
heather, and yet such areas usually yield a highly acid water. The 
gathering grounds yielding a neutral water or a water only slightly 
acid are commonly those where grass very largely takes the place of 
heather. It may generally be inferred that the active growth of grass 
implies a soil only parthdly peaty in character, and one well drained. 
This alone would account for the observed fact that water draining 
from an area supporting an active growth of grass is usually neutral or 
only very slightly acid, quite apart from any intrinsic effect produced 
by the growth of vegetation. It is no doubt the case that the grass 
may ^^bind" the soil and absorb much of its moisture, and render it 
less spongy and less able to retain water, and thus inhibit the formation 
of peat. However thb may be, the fact remains, that water draining from 
grassy moorland is usually neutral or only very feebly acid ; whereas 
water draining from moorland, where there is but litile grass and the 
vegetation consists chiefly of heather and moss, is frequently acid. 

To take one or two examples : — The Batley gathering ground supports 
the active growth of grass, and the water draining from it is either 
neutral or only very slightly acid. A large portion of the Barrow-in- 
Furness and Bamsley gathering grounds is grass covered, and these 
waterworks store a neutral water. On the Shipley and Bacup gathering 
grounds grass is almost absent, and the vegetation is chiefly heather, 
moss, and rank grass. Here the water is of bad quality as regards 
acidity and plumbo-solvent ability. 

Incidentally, reference has been made to the beneficiiil effect of 
rapid drainage from the soil in the case of moorland waters. 

Bflect of rapid Given a certain amount of peat on a gathering ground, the amount 
surface drainage, ^f ^cid which it is likely to yield depends very largely on the length 

of time the water remains in contact with it. If the drainage is 
satisfactory the rain may run off the surface, and at all events does 
not remain in contact with the peat for a long period ; whereas, if the 
drainage is bad then the rain may saturate the peat, and if the peat rests 
on un impervious stratum may only escape by lateral percolation through 
a great thickness of peat. Moreover, under the latter set of conditionsi, 
each successive rainfall displaces water which has been lying stagnating 
in the soil, it may have been for a considerable time. Take, for example, 
the Shipley gathering ground. Here peat is abundant superflcially and 
in depth, and rests on clay. Moreover, the slope of the ground is very 
gradual. In consequence, the rain saturates the peat and accumulates 
in hollows or depressions forming peat holes and boggy and marshy 
places. It escapes very slowly into the feeders leading to the reserToirs 
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bj lateral percolation through immense thicknesses of peat. As a result 
the water is habitually strongly acid. Nearly all the gathering 
grounds suffer to a great or less degree from slow drainage from the 
surface soil on a portion of their gathering ground. Commonly some-, 
such state of things prevails on the upper and flatter portions of the 
gathering grounds. 

Many instances might be quoted in illustration, but the following may 
be deemed sufficient : — 

Fly system (Halifax Oorporation Waterworks); large areas on the 
gathering grounds of the Bacup Corporation Waterworks ; portions of 
the Oldham Corporation Waterworks (e.^., upper part of the Denshaw 
system of supply); Bradford Corporation Waterworks (8.W. side of 
Thornton Moor reservoir); Keighley Oorporation Waterworks (portions 
of Watersheddels drainage area) ; large areas on the gatheringgrounds of 
the Morley Corporation Waterworks ; Sheffield Oorporation Waterworks 
(high-level supply). 

In all these cases the effect of the stagnation of the water in the peat is Effects of slow 
to foul the general body of water supplying the impounding reservoirs ■««*>« dnUnige. 
with water distinctly acid and possessed of considerable plumbo-solvent 
ability. 

On the oDher hand, many instances might be quoted to show that the Banefloial effeot 
evil effect of the presence of extensive beds of peat may be reduced to a SiSSSIge'!"^ 
minimum, where the slopes cf the hills are sufficiently steep to permit the 
water to drain rapidly away. This favourable circumstance, namely, 
rapid drainage from more or less peaty soil is found in the case of many 
gathering grounds. Some such state of things holds good in the case of 
the following waterworks among others, and as regards a large portion 
of their gathering grounds : — 

Batley Oorporation Waterworks ; Barnsloy Corporation Waterworks ; 
Barrow-in-Famess Oorporation Waterworks; Blackburn Corporation 
Waterworks; Preston Corporation Waterworks, Ac. 

There has thus to be considered in connexion with moorland 
gathering grounds, not only the presence of peaty soil but the nature of 
the drainage from such soil — whether slow or rapid. For of two 
gathering grounds covered with a similar amount of peat (superficially 
and in depth), the one, from porosity of the rock underlying the peat or 
from the steepness of the hill slopes, or from both these causes combined, 
might yield a neutral or only iaintly acid water; whereas the other, 
from the presence of clay beds beneath the peat, or the flatness of 
the ground, or from both these causes combined, might facilitate 
stagnation of the rain in the peat, and so yield a highly acid water. 

CsRTAiN Differential Conditions of the several Watbbworks 
AND Gathering Areas surveyed in their relation to 
Plumbo- SOLVENCY. (See detailed Surveys, heading " Sources of 
the Water Supply and general description.") 

^B might be expected, the gathering grounds of the different water- Situation of 
'works are frequently situated at a considerable distance from the towns SonS^nnk 
smpplied with water by them. tiou to the an* 

lappued with 

This circumstance is one of importance, because the ** mere delay " water. 
of a water in the impounding reservoirs and its subsequent passage 
through, in many cases, miles of iron pipe to the service reservoir, may 
conceivably produce some alteration in the composition of the water. 

The gathering grounds of Bamsley, BaiTOw-in-Furness, and Bradford 
(high level) Waterworks are situated about 10 miles from the towns of 
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the same. name* Batlej* Blackburn, Morlej, Bradford (low lerel)» «od 
Preston Waterworks are aitnated about 20 miles from their chief areas of 
supply. The most distant part of the gathering ground supplying Leeds 
with water is situated 22 miles away. Wakefield obtains its supply from 
gathering grounds distant 26 miles. 

In a later report it will be shown what the effect of ^' storing " 
moorland water is as regards acidity, so far, indeed, as this can be 
judged of by placing mich waters under laboratory conditions of 
experiment. Here it may be said that the general outcome of ihese 
experiments wa» as follows:— When an' acid peaty water was stoiM 
ioT varying periods in completely filled and stoppered bottles, the 
acidity was usually only very slightly reduced in amountj but practically 
never suffered an increase. When such water was kept in unstoppered 
and partially filled .bottles there was usually a diatinct loss of acidity* 
These results indicate what might be expected in the case of a water 
which has a comparatively long stay in conduita or pipes. 

Under the heading ** Capacity^ ^, of Reservoirsy* notes have been 
usually given of the capacity, depth, area, and top water level of the 
storage reservoirs. The greater the capacity of the reservoirs the more 
complete is the sedimentation of the water likely to be and the less likely 
IS the water sent into consumption to show the results of the entrance 
of storm water. Moreover, the greater the capacity of the storage 
reservoirs, as just indicated, the longer the delay will be between the 
primary collection of the water and its final transmission to the 
consumexs. But it must be remembered that the bed of some of these 
reservoirs is composed of peat, and that fresh peaty matters are washed 
into the reservoirs with every storm. In consequence, although there 
may be a loss of acidity due to long exposure of the water to the action 
of the air, there may also be a gain in acidity due to fermentative changes 
in the bed of the reservoirs. 

These storage reservoirs, as might be expected, are situated at a 
considerable height above sea leveL 

Thus the top water level (in feet) of Blackmoorfoot reservoir (Hndders- 
fleld Corporation Waterworks) is 831 ; of Graincliffe reservoir (Shipley 
Waterworks) is 845 ; of Lanshaw reservoir (Colne Waterworks) is 858 ; of 
♦Oant Olough reservoir (Burnley Waterworks) is 924 ; of Ooldwell reser- 
voir (Nelson Waterworks) is 943 ; of Withen's Clough reservoir (Morlej^ 
Waterworks) is 960; of Bingstone reservoir (Wakefield Waterworks) is 
t994; of Watersheddel reservoir (Keighley Waterworks) is 1,100; of 
Dunford Bridge reservoir (Dewsbury Waterworks) is 1,100 ; of Readycon 
Dean reservoir (Oldham Waterworks) is 1,268 ; and of Fly reservoir 
(Halifax Waterworks) is 1,350. 

In depth the storage reservoirs vary from less than 30 feet (Sheep- 
house reservoir, Bacup Waterworks) to 100 feet (Entwlstle reser\-oir, 
Bolton Waterworks). 

The area covered by the reservoir may be less than 10 acres (Eld wick 
reservoir, Shipley Waterworks) or more than 150 (Fewston and 
Swinsty reservoir, Leeds Waterworks). 

As regards capacity, this may be less than 50 million gallons (Hechen- 
Imrst reservoir, Burnley Waterworks; and (Eldwich reservoir, Shipley 
Waterworks) or more than 900 million gallons (Swinsty reaervoir,v 
Leeds Waterworks). 

It has been already noted that there are no storage reservoirs on 
the gathering grounds of the Blackburn and Preston Corporation 

Waterworks. 
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When the enormons capacity of some of these reservoirs is considered 
in relation to the fact of observed aciditj in the water contained in them, 
the importance oP observations on this point is evident. A large reser- 
voir might permit the storage for subsequent consumption of hundreds 
of milliouo of gallons of acid water^ and water, moreover, capable of 
disolving lead to a dangerous extent. 

It will have been noted that the arrangements for collecting and Diffennt modai 
storing the water in the different waterworks vary a good deal. Not rtoriSgS? "* 
uneommonlj an embankment is erected across a nan*o«r valley so as to water. and ol 
form a reservoir above it, into which all the streams draining the hills S^ramption. 
on either side flow, but which derives its main source of supply from one 
or more streams entering the upper end of the reservoir. Also there 
are frequently catchwater conduits which may follow the contours of 
Ihe neighbouring hills for several miles, collecting all the water 
draining from these hills, and eventually discharging their contents 
into the reservoir. 

In .the case of Morley Corporation Waterworks, there is only one 
reservoir, and it h supplied with water as follows : On the north side 
three streams and the water from a catchwater conduit draining a large 
area of moorland. On the south side three streams and the water from 
another catchwater conduit draining a considerable tract of moorland. 
At the upper end of the reservoir the water from the main inlet stream 
enters. 

Sometimes a catchwater conduit is responsible for the main bulk of 
supply water to a reservoir. 

In the case of Wakefield Corporation Waterworks there is only one 
reservoir on the gathering ground, and practically its only source of 
tmpply is from Mossmoor catchwater, whicn is nearly 5 miles in length, 
and collects at its upper end the water from a moorland stream — ISpa 
Clouch. Along its course this catchwater receives the drainoge from a 
very large tract of moorland. 

Occasionally there are no storage reservoirs on the gathering grounds, 
the only reservoirs being the service ones. 

In the case of Blackburn Corporation Waterworks the water from the 
Brennand and Whitendale Valleys is received in each instance into a 
screen chamber. The water, after passing in each instance through a 
screening chamber, is carried by a 80-inch cast-iron pipe from the 
chamber to Footholme. Here the Brennand and Whitendale waters unite, 
and are carried in a single 30»inch main (Bowl and main) to three service 
reservoirs. Preston Corporation Waterworks derives its supply from the 
Bivers Langden and Hareden, in the valleys of the same name. The 
water, after passing through a screen chamber in each instance, unites 
and passes along a covered conduit to the service reservoirsi. Nelson 
Corporation Waterworks derives part of its snpply from the Ogden 
Valley. Here there is no reservoir (except for compensation purposes), 
ihe water being taken directly from a moorland stream known as Ogden 
Water, and led on to filters ; thence after filtration the water is canned 
•by an iron main over Pasture Head to Nelson. 

Somotimes, in connexion with waterworks, an arrangement exists 
whereby water collected on a gathering ground may bo sent directly 
into supply during fair weather flow, and indirectly, tbrou;jh storage 
reservoirs, during storm time. 

In the GreonfieM supply of Ashton-under-Lync, Stalybridge, and 
Dukinfield (district) Waterworks a nnmbor of valuable springs exist on 
the west side of Yeoman Hey reservoir. During floods thuir water flows 
into the reservoir, but under ordinary conditions of the rainfall the 
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Bprings are allowed to discharge into a common channel leading to 
settling and straining tanks, from whence the water can be sent directly 
into consumption. 

In some of the waterworks there is a large number of reservoirs on 
the gathering ground, a circumstance which maj materiallj affect the 
qnality, as regards lead dissolving properties, of the water delivered 
to the consumer. For example, Oldham Corporation has no less than 
tour reservoirs on the Denshaw gathering ground ; other five reservoirs, 
and a sixth in course of construction (two are used only for com* 
pensation purposes), on the Piethorn gathering ground ; and, further, 
two reservoirs on the Castleshnw gathering ground. Much of the 
water at Oldham, therefore, has to pass through a number of reservoirs 
before being carried into consumption. 

The following is an instance of a water the character of which is 
materially altered by passing through a series of reservoirs. Beadvoon 
Dean reservoir is supplied from a moorland stream. The water from 
JEteadycon Dean passes into Crook Gate reservoir. Dowry reservoir 
receives the water from Crook Gate and Dowry Beck, and dischargea 
into New Year's Bridge. From this latter reservoir the water ia 
conveyed by a tunnel and line of pipes to Hanging Lees reservoir. A 
main carries part of the water from this reservoir to the higher parts of 
Oldham, but most of the water is allowed to pass into Piethorn reservoir, 
and from thence is conveyed by another main to Oldham. 

Not uncommonly waterworks derive their supply from several 
different valleys. The water in these cases may be either mixed before 
being sent into consumption, or sent in an unmixed condition to 
different portions of the area supplied. 

The water maj For example : Halifax Corporation ^yaterwork8 derives its supply from 
*>• oollwted fl»m Hebble, Luddenden, Widdop, and Greave Vallevs. There are three 
MverL viSeyi. systems of supply, namely, the Ogden system (Hebble Valley), the Fly 

and Dean Head system (Luddenden Valley), and the Widdop and Greave 
system (Widdop and Greave Valleys) Briefly stated, the arrangements 
for collecting water are as follows : — Ogden reservoir is supplied with 
water f i om Ogden and Skirdew Oloughs, and by means of a conduit the 
reservoir water is conveyed to Bamsden Wood reservoir. Fly reservoir 
is supplied chiefly from a catch water drain If miles long. The water is 
used chiefly for compensation purposes. Lower Dean Head reservoir 
is supplied from Upper Dean Head, which is fed chiefly from two 
moorland streams. Lower Dean Head reservoir water unites with 
the water from the Widdop and Greave system, and the combined water 
discharges into Bamsden Wood reservoir. Widdop reservoir is constructed 
on the V\''iddop stream, and also receives, by means of a tunnel, the water 
of the Ghreave Valley, so that there is one reservoir for the combined 
drainage of two vallevs. The water from this reservoir is conducted by 
pipes and tunnel to Snore End Wood, where it joins the Fly and Deaa 
Head water and passes with it into Bamsden Wood reservoir. Thus 
Bamsden Wood reservoir contains the mixed water from the Ogden, the Fl j 
and Dean Head, and the Widdop and Greave systems. The water from 
Bamsden Wood is carried to the Albert and Victoria service rsservoirs for 
distribution in the borough. Widdop, Fly, Upper and Lower Dean Head, 
and Ogden reservoirs are storage reservoirs situated on the gathering 
grounds. Bamsden Wood, Albert and Victoria reservoirs are service 
reservoirs, the first named being used for mixing and then soresning the 
water, and the two latter for distributing it in the town. 

Admixture of water from various systems and of different origins may 
be of great importance as regards plumbo-solvency. It may, for example, 
be beneficial, as where the water from one system is acid, while the 
water from the other systems is not only neutral, but possessed of acid 
neutralising ability. In such a case the mixture of all the waters together 
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maj produce a water free from even traces of acid. On the other hand, 
as bus been indicated, it may be harmful, as where a neutral water 
is supplemented by a large volume of peaty water, capable of acting 
upon lead. 

In the case of Bradford Corporation Waterworks there is a high level 
and a low level servico. The high level supply is obtained from the 
Thornton Moor and Stabden Valleys, and the low level supply from the 
Upper and Lower Barden Valleys. The former is used for the higher 
and the latter for the lower levels of the town. In the case of Bochdale 
Corporation Waterworks there are three systems of supply, namely, 
Hamcr Pasture, Spring Mill, and Corvin. Tne mains from these separate 
systems are connected together, so that the water Eupply can be afforded 
either separately or in conjunction, as circumstances require. 

The following is an instance where a waterworks supplements its Mixing waten of • 
own supply, free, so far as can be ascertained, from serious ri«k as tSnS^S^^L 
regards lead, with water from another drainage area belonging to 
different waterworks which is liable to ,yield water with a decided 
plumbo-solvent action. 

By agreement with the Dewsbuiy and Beckmondwike Waterworks 
Board, the Corporation of Bamsley pnrchase from the board a minimmn 
quantity of 20,000,000 gallons, oz a maximum quantity of 40,000,000 
gallons per annum, which they may commence to take on July Ist in 
each year, and continue to take at* the rate of 200,000 gallons per day 
for a minimum of 100 days or a maximum of 200 days consecutively. 
The maximum quantity has been taken only once, viz. in 1893. The 
water thus purchased from the Dcwsbury and Heckmondwike Water- 
works comes from Durnford reservoirs, and discharges into Broadstone 
Dyke, a moorland Btream which enters the upper end of Ingbirchworth 
reservoir. This water was acid on July 11th, 1895, whereas all the other 
waters tested on the BamsJey gathering ground on the above date were 
neutral. 

Jn connexion with Batley Corporation Waterworks there is an 
arrangement by means of which the streams below the level of the 
storage reservoirs are intercepted in dry weather and taken direct to 
Batley. All the main streams and subsidiary fe«^ders and springs in 
the Kamsden valley below the level of Yateholme reservoir are 
collected at one point by iron conduits regulated by penstocks and 
sluice valves in order to intercept the dry weather flow which would 
not gravitate into Yateholme reservoir. This water is then taken 
direct to Batley, instead of being allowed to run into the compensation 
reservoirs. Such an arrangement has the advantage that the reservoir 
water can under ordinaiy conditions be kept at a high level without any 
flood water being admitted into it. 

Drainage areas, — A note has usually been given of the size of the Siieof dnfoage 
drainage area of the different waterworks, and where a waterworks has " 
more than one drainage area, the size of each separate area has commonly 
been stated. 

From consideration of these data it appears that in not a few cases the 
drainage areas, although sufficiently large to yield an adequate supply of 
water of all sorts (s.e., independently of its quality), may yet lie too 
small to allow of careful selection of water according to quality. In 
several instances the drainage areas can yield sufficient water to the 
waterworks only when " storm " water as well as " dry weather flow '* 
is utilised. As regards lead, however, sufficiency of the total collecting 
area is less in question than the physical characters of the area. Of 
two drainage areas similar in size, and with the same rainfall, the one 
may be ample and the other insufficient in as far as supply of water of 
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proper quality as far as lead is concerned, be&mse the one naaj yield 
little or no peaty water and the other may yield water derived almost 
solely from the drainage of land rich in peat. 

Sheffield and Leeds Corporation Waterworks havo large drainage areas, 
namely, Sheffield, 15,703 acres (total drainage area of existing works) ; 
Leeds,. 17,047 (Fenston and Swinstv drainage areas). The smaller water- 
works have naturally much smaller drainage area, for example, Bacup, 
285; Shipley, 1,248; Morley, 1,200; Colne (Laneshaw drainage area), 
779 acres. 

It will be noted that often there is a considerable difference between 
the Average yearly rainfall on the. gathering grounds and the areas 
supplied with water, and that in aearly all .coses the rainfall is heavy on 
the catchment areas. It is, indeed, this circumstance of heavy rainfall 
on upland gathering grounds which allows of a aufficienc body of water 
being collected for waterworks purposes fro no sometimes a comparatively 
smtdl drainage area. To take a few examples : — 

AvERAQB Yearly Rainfall in Inches* 



• 

Waterworks. 


Area Supplied. 


Gathering Ground. 


Barns ley - 
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2512 


38-15 


Barrow 




38 


62-57 


Battery 


- 


23-87 


58-43 


Blackburn 


m m m ^ 


88 


59 


Oldham -. 


- 


86 


42 
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Often the grealer the distance between the area supplied and the 
gathering gronnd, the greater also is the difference in Ihe rainfall 
observed to be. In the case of Bailey Waterworks the difference is 
nearly 60 per cent. 

The highest rainfall on a gathering gronnd appears to be the Hiircden 
gathering ground of Preston Waterworks, n amely, 73 * 33. The Langd^n 
gathering ground of the same waterworks is 71 '75. The rainfall at 
Preston is 35 '86. The lowest rainfall is found on the Coldwell 
gathering ground (N'elson Corporation Waterworks), namely, 30 inches. 

Preceding the notes on the character of the gathering grmmdy a 
table has in each instance been given of the rainfall for the month 
previous to the date of inspection of the waterworks, the reason being 
that the conditions found to exist on the gathering ground were 
found to be largely dependent on the rainfall. This circumstance 
has to be borne in mind in consideration of every gathering area, and 
particularly as to the lead dissolving properties of water derived from 
it. Thus, I have often found that a stream which supplied a reservoir 
with a neutral water during dry weather yielded a highly acid 
water during storm time. 

To take one or two examples. On June 18, 1896, Thornton Moor 
catchwater conduit (Bradford Corpcration Waterworks) contained a 
neutral water. Prior to this date there had been very little rain. When 
the rain came a sample was obtained (July 2), which was said to represent 
storm water. This sample, however, was also neutral, and it possessed no 
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plambO'fiolvent ability. As tbis sample ^id not App^' to bo in reality 
storm water, another was obtained on July 5, 1895. This lasc sample was 
discoloured with sorface peaty water, and indubitably represented flood 
water. It was found to be strongly acid, and to be possessed of very 
considerable plambo-solrent ability. 

On October 8,1894, Mossmoor catchwater conduit (Wakefield Corpora- 
tion Waterworks) contained veiy little water, and what water there was 
wa8 derived chiefly from springs, the surface peaty water being nearly 
all dried up owing to drought. This Water was neutral, but on NoTem- 
ber 7,1894 (a time couicideiit' with heavy rain&ills), the water was 
found to be distinctly acid and to be capable of dissolving lead to a very 
considerable extent. 

It is important that the notes on the characters of the gather! ug 
grounds and on the conditions found to exist on these gathering 
grounds be read in relation to- the nunfall prevwus to the date of 
inspection. 

^ It will have been noted that in describing the waterworks reference storm water. 
is repeatedly made to the existence (or otherwise) of means for 
excluding storm water. Where such arrangement exists it may work 
automatically or be under the control of the foreman of the waterworks. 
To the latter there is the serious objection that it must often be 
impossilile, in the event of one of those sudden stoims which so 
frequently break over moorland gathering grounds taking place, to get 
lihe flood water turned down the storm water course before serious 
fouling of the water in the reservoir has taken place. Moreover, the best 
intentioned of foremen may be hampered by instructions of the officials 
of the waterworks^ to keep the storage reservoirs plentifully supplied 
with water, no matter what its quality may be. I would not be un-Ier- 
stood to imply that wherever I met >vith liability of storm water to 
pollute the supply, danger existed in consequence of the ability of such 
storm water to carry into the supply organic matter of animal origin 
potentially dangerous {eg,^ in regard of enteric fever) to the water 
consumer. It is right to observe that in most cases the whole of the 
drainage area is owned by the water authority, or, at least, is subject to 
some measure of control by the waterworks oificialfl. On miiny of the 
gathering areas reported on, the likelihood of danger of the above sort 
arising seems exceedingly remote.* 

But fouling of the water with organic matter of vegetable origin, which CompariMn 
must needs occur on any gathering ground where storm water is ^^hfirfb^' 
admitted to the supply, ia chiefly of importance because such fouling is andrttonn" 
liable to be associated with acquisition of th6 properties of acidity and 
plumbo- solvency by the water.f The importance of this subject will be 
understood when it is stated that the " dry weather flow " of many 
■nbqrhind water supplies is neutral and free from action on lead, but 
that the "storm water" in nearly all cases is distinctly acid and possessed 
6f considerable plumbo-solvcnt ability. As an example of a satisfactory 
arrangement for excluding storm water from the waterworks, reference 
may be made to the note on Batlcy Corporation Waterworks. Also to 
the ^»8e of Oldham Corporation Waterworks, where flood water is 

_^ M - m ~ ' " ' ' ' — ' ~ ~ ' I — 

* Thus in the case of the Barrow^-in-Fumess, Keighley, and Oldham Waterworks, 
4mong others, their respective corporations own all, or nearly all, the land bordering 
the reservoirs, and the streams supplying the reserroirs and the watersheds may be 
considered to be in large measure free from risk of dangeroas pollution. 

' t At the «ame time it is open to question whether the large amount of vegetable '- 

organic matter present m-sorae of these unfiUered moorland water supplies may not, 
per se be prejudicial to hcnlth. 
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excluded from all the reservoirs used for domestic purposes by means of 
6t/Orm water courses. 

In Bnmley Corporation Waterworks, on the Cant Clongh gathering 
groond, there is no arrangement for excluding storm water from the 
waterworks and the whole of the water drainmg from the gathering 
ground has to pass through Cant Cloagh reeeryoir ; in conseoaence, after 
a flood the water in the reservoir may be fouled. On the Swinden 
gathering ground, on the other hand« a watercourse runs along one aide 
of Swinden Beservoir No. 1, and by its means storm water can be 
excluded from the supply.^ In Morley Corporation Waterworks on both 
sides of the storage reservoir are bye-channels, which are continued up to 
Withen's Clough at the upper end, and which pass down the sides of the 
embankment, to unite below in the bed of the same stream. They are 
designed to carry storm and overflow water to compensation. They oaa 
also be used to carry away the whole flow of certain of the inlet streamSt 
when chey are turb id and discoloured after a storm. In Nelson Corporation 
Waterworks, on the Cold well gathering around, there is an arrangement 
by means of which the w^ter from all the streams which disoharge 
ordinarily into the reservoir may be turned down a storm water oourBe. 
In some cases where there is no provision for excluding storm water the 
water is "treated'* before beiag sent into consumption. For example, 
Eochdale Corporation Waterworks. Sometimes, although there eziBt 
means for excluding storm water, exigencies of providing an adequate 
supply necessitate the utilisation of some, at all events, of the storm 
water. For example* in the case of the Blackmoorfoot supply of the 
Huddersfield Corporation Waterworks there are sluices in connexion 
with the catch water conduits to turn storm water to compensation. 
When Blackmoorfoot storage reservoir is low, however, the storm water 
is allowed to enter, thereby fouling it to a Bcrious extent. 

As a single example of the difference between fair weather flow water 
and storm water, reference may be made to the Oldham Survey. Dowry 
Beck, on May 16, 1896 (dry weather flow), yielded a neutral water, and 
one ft'ee from plumbo-solvent ability (experiment 7), and on August 3, 
1896 (storm water flow) a water strongly acid and possessed of con- 
siderable plumbo-solvent ability (experiment 10). 

It would, of course, be impracticable to require, in the case of a water 
supply of moorland origin, that flood water should be excluded under all 
circumstances and at all times. But it should be recognised that the 
unregulated admission of flood water is the principal cause of the acid, 
and therefore objectionable water, which is, in some instances, almoet 
continuously supplied to the consumers. For instance, during sum- 
mer drought for weeks, possibly for months, a re.<:ervoir may be 
fed with water, small in amount, bat neutral and free from plumbo- 
solvent ability. Meanwhile, the water in the reservoir sinks lowe» 
and lower, until possibly there is danger of a water famine in the 
area supplied. Then a storm comes, and it is to be understood that 
storms on upland gathering grounds are frequently of almost tropical 
aeverity ; the consequence is an enormous bulk of water, derived citsa 
from the surface drainage of peat^ and carrying with it grosser particles 
of peat, is brought down. If the whole of this storm water, including 
the first washings of peat, is allowed to pass into the reservoir in order 
to raise the level of the water as speedily as possible, fouling of the 
supply, with dangerous results as r^ards acidity and consequent 
plumbo-solvent ability, will occur, and may continue for an indefinite 
time. 

lento Besides the arrangement for excluding storm water in bulk from the 

* » storage reservoirs, many of the moorland gathering grounds have arranee- 

SnStiwttrSmr ™®°^ ^° connexion with the various subsidiary feeding streams ror 
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preventing peaty matters from entering the waterworks. Thus in con* 
nexion with Blackburn Corporation Waterworks, at the intake from 
each tributary stream in the VVhitendale Valley there is a collect- 
ing pond« having a rough stone filter at its upper end, through 
which all the water passes before reaching the conduit leading to the 
works. Moreover, storm water is prevented from entering these 
conduits by meaus of ** leap '* weirs. These are mechanical contrivances 
which permit the dry weather flow to drop through an opening leading 
to the conduit, but which prevent flood water (which usually means acid 
pealy water) from so entering into the water supply, owing to the great 
velocity and volume of the storm water carrying it over and beyond the 
opening leading to the conduit, and so onwards into the stream^ to serve 
as ^* compensation '* water. Another method of excluding peat brought 
down by moorland streams is illustrated at the Dehshaw system of 
supply of Oldham Corporation Waterworks. Here Dowry Beck, a 
moorland stream draining a large tract of moorland, is provided with a 
^ wreck lodge " at its lower end, so as to keep back peat and debris 
from entering Dowry reservoir. It is also to be noted that, yhh a 
similar object, the main streams in the Castleshaw system of supply are 
pitched to the crest of the hill, in order to prevent the denudation of the 
aides of the valleys. In the case of Wakefield Corporation Waterworks 
the chief supply to Ringstone reservoir is from Mossmonr Catchwatcr. 
This catchwater conduit is nearly five miles in length, and receives 
along its course the drainage from a very large tract of moorland. 
Here in certain instances the water draining from the moors is led into 
a basin so constructed as to keep back the peat. A similar arrange- 
ment is used on other gathering grounds in connexion with certain of 
the large streams and those which contain most peaty water. 

In the description of the various waterworks attention is repeatedly on the relations 
ditiwnto the small proportion of spring water present as compared with oftDringaad 
surface water, and since most of the gathering grounds are moorland in 
character, it may be added as compared with surface peaty water. As Waterworks 
examples of waterworks very deficient in spring water may be men- S^^Srolortion 
tioned Bacup Cor[)oration Waterworks, Halifax Corporation Water- of spring water, 
works (Fly drainage area), Bradford Corporation Waterworks (Thornton 
Moor supply), Iluddersfield Corporation Waterworks (Blackmoorfoot 
supply), Keighley Corporation Waterworks (Watershed dels supply), 
Morley Corporation Waterworks, Sheflield Corporation Waterworks 
(high level supply), Shipley Waterworks, and Wakefield Corporation 
Waterworks. As examples of waterworks where spring water is more Waterworks 
abundant the following may be noted : — Blackbnrn Corporation Water- sprSg^^ter.*^"* 
works, Bolton Corporation Waterworks (High Rid supply), Bradford 
Corporation Waterworks (Stubden supply and Barden supply) ; Burnley • 

Corporation Waterworks (" Springs " supply), Colne Waterworks (Flass, 
Barnside, and Bonnie Booth supplies), Leeds Corporation Waterworks, 
T^elson Corporation Waterworks, Preston Corporation Waterworks, 
Rochdale Corporation Waterworks (Spring Mill supply), and Sheffield 
Corporation Waterworks (low level supply). The question of the quality 
of spring water as compared with surface water, and their relative 
abundance on moorland gathering grounds, has been considered above. As The ultimate 
has been said, the acid neutralising ability of moorland spring waters Jjjwiand wn^ 
although not great, is fairly uniform in character. On the other hand, the depends on the 
acidity of peaty waters may and does vary within wide limits. The Se^eeof adS^ 
ultimate state oi a mixed moorland water depends, then, very largely on neutraiisinff 
the relative proportion of spring and peaty waters, and upon the degree of q>rixi| water in 

relation to the 
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quantity and 
amoimtof 
addity of the 
surfooe peaty 
water. 



Artificial 
mixture of 
neatnl spring- 
water with acid 
peaty water. 



aeid neutralising abilitj of the former, axtH the ABuraat ol acidity ol'Uie 
latter. Sometimes the beoefi<Hal eieot > of a fairly abundant supply -of 
spring water is ^* lost " in the bad quality of a compavati vely small bulk 
of peltty water. Again, sometimes the spring water is relattrely smal' 
in amount and the peaty water abundmt^ but 'the latter = may besa 
slightly peaty in charaeter as not ta overcome the .acid neutraiisng 
ability of the spring water. • 

The following laboratory experiaoeDts.upokXijnixtare of neutral, spring 
and acid peaty water zpay be here cited* .-,.../ 

Equal parts of the Wicken springs (1,'2, 3, 4, 6) wei*6 mijcedtogether, 
and this mixed spring water (which avbs neutral and free from* action on 
lead) was mixed with Higher Swineshaw Reservoir water in equal 
proportion. The result AVas that the mixed water was neutral and 
did not act on lead, whereas the unmixed Higher Swineshaw 
Reservoir water acted distinctly on lead, and was very appreciably acid; 
(Table 1.) 



Equal parts of ^ spring " water which did. not aetron lead^ »Bd* 
was nentndy and Cant Glough Beek (storm wf»er)«wfaicii waBT^y.aoid 
and acted strongly on lead, were mixed together and kept tin an un<* 
stoppered bottle iot three days* When tested liio mixed 'water was 
found to contain only traces of acid, and to act :on lead to-a baieljr 
appreciable extent. 

Equal parts of moss spring water which did not act on lead and was 
neutraly and Thornton Moor Reservoir watar^ which was acid and 
dissolved lead, were mixed together. After . standing, overnight the 
mixed water was found to contain merely traces of acid and to have 
practically no action on lead. 

The gradual change of re-action in a moorland, stream from. an add to 
a neutral water as the result of the entrance of a number of snbsidiaiy 
streams containing neutral spring water was well exemplified in the 
case of the River Don. The water from the upper reaches, namely^ from 
Grain, Little Grain, and Swinehill Cloughs was decidedly add in re^ 
action. These streams contained diiefiy peaty water andi very little 
spring water. In its coui*se downwards the Don; as the resolt 
apparently of the ingress of eight neutral streams eontsinii^ cluefly 
spring water, gradually changed, in redaction from -a water 'distinctly 
acid to one less acid, and finally, and before .reaching- J)iui£ovd 
Reservoir, to a water neutral and free from plumbo^solvent ability^ 



F'* • 



The evidence of the foregoing experiments, as well as field obser* 
vatious, illustrate the importance as regards acidity and plum bo-K>l vent 
action of mixing neutral spring^ water with acid peaty water. Frequently 
a waterworks supplies a mixture of spring and surface water to all the 
consumers. The supply in such case will, as regards lead, have at one 
and the same time the same properties throughout the whole area served 
by the waterworks, and in many cases the result of the mixing will be 
a water of uniformly satisfactory quality. But in instances already 
alluded to, where the mixed water from one valley is sent to one place 
and the mixed water from another valley to another place, different 
portions of the distributing area may receive water of quite different 
character. And at some waterworks, the spring water is intercepted 
and sent direct to one area, and the peaty water which has accumulated 
in a storage reservoir to another area. 
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In the case of Asbton, Stalybridije, and Dakinfleld Waterworks Example 
Joint Committee, certain of the towns (or portions of them) supplied Bhowing that 
suffered to a serious ex*^ent from lead poisoning due* to water supply. SSpplyd^^ent* 
These same towns were being supplied with water of totallji different places within 
character from the water supplied to the areas exempt from lead ^^K'^^ 
poisoning. The arrangements on these waterworks are such that almost ^^/o( diflbreut 
pure spring water unmuced with peaty water can be and vrw, at 'the titne quality. 
of m^ inspection, supplied, direct to certaiik areas, and that- oMier areas 
received peaty water almost unmixed with spring water. Briiefly stated ,>- 
part of the total area sitpplied received, a* neutral water ; here- there was* 
no evidence of lead poisoning.- The other part received an acid peaty 
water, and suffered from lead poisoning.. The above conditions obtained 
prior to December 1894. Since then remedial measures have be^sn in 
operation, namely, "treatment" of the acid peaty water with lime. 
Coincident with the time when the beneficial effect of the '* treatment " 
showed itself in an improved condition of the water, lead poisoning was 
no longer complained of. 

In the case of Huddersfield Corporation Waterworks, Blackmoorfoot 
reservoir, which contains much P^aty water^ has two mains laid from^he- 
north and south tunnel entrance. The north main carries the water to 
Snodley service. reservoir, bnt first unitea with the water from. Lon^wood 
Beservoir, a supply which, it is stated, is derived chiefly from hillside 
springs. From the service reservoir, water is distributed throughout the 
town of HndderBfield, and is also taken along the Leeds Road for the 
supply of Mirfield and Bavensthorpe. The main from the south tunnel 
entrance at Blackmoorfoot conveys the water to nine villages and also to 
a portion of Huddersfield. It follows from the above that the water 
supplied directly from Blackmoorfoot and that supplied indirectly after 
admixture with Longwood water and storage in Snodley 8ei*vice 
reservoir are likely to differ iho one from the other in some important ' 
respects. 

In Kelson Corporation Waterworks the tknfiliBrsd OoldweU water ia 
conveyed through an iron pipe to " Wades " House service reservoir. 
IVom this it goes to Nelson being connected with the main from Ogden 
in the centre of the town, so that Ogden water can, and doeB, under certain 
circumstances, reach the service reservoir. The Ogden water, obtained 
fr^m a different valley, is filtered, and, as stated, is connected with the 
Coldwell supply* How far this arrangement affects the consumers of the 
water, either at one portion of the town as compared with another) or at 
different aeaaons. of the year, is not known^ 

Bradford Corporation Waterworks has two distinct sources of supply, 
liamely, the " high " and " low ** level. The former is obtained from the 
Denholme and Worth Valleys, and supplies the hiffh^level zone of 
Bradford ; and the latter is derived from the Wharfe Valley, and 'supplies 
the low levels of the town. These waters difEier in a number of respects* 

In Oldham Corporation Waterworks the Denshaw supply is stored in 
Hanging Lees reservoir. From this a portion of the water is conveyed 
by a main to the higher parts of Oldham. The rest of the water enters 
Piethom reservoir and mixes with the water from the Piethom 

g Bothering ground. From thence it is conveyed by another main to 
Idham. 

Rochdale Corporation Waterworks supplies the town with water from 
Hamer Pasture, Spring Mill, and Cowm reservoirs. There is a single 
main in each instance conveying the respectiye waters to Rochdale. The 
nl)siins, however, are connected together so that the water from the 
different systems can be afforded either separately or in conjunction, as 
circumstance requires. 
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Sheffield Oorporation Waterworks derives its supply from gathering 
grounds at Redmires (high level supply), aud from the upland valleys of 
the Rivers Bivelin and Locksley (low- level supply). The chai-acter of 
these gathering grounds and the quality of tne water are essentially 
differenc. 

The argument has somelimes been used by the officials of water- 
works that the bad qnality of the water complained of in a particular 
area (usually a. small one) cannot possibly hold good, since no 
objection has been lodged against the quality of the water in the 
chief area (usually a large town) supplied from the same waterworks'. 
Such ait argument has been used in the face of the fact that a selective 
process was actually in operation, the larger area receiving water of 
good, and the smaller area water of undeniably bad quality. 



Variation in the 
quality of moor- 
land water, 
according to 
the rainfall. 



Be-action of 
reservoir water. 



Summary of Evidence obtainbd at the actual Dates op 
Survey as to the Condition in respect op Plumbo- 
SOLVENT Ability op Untreated Water derived from the 
SEVERAL Gathering Groc/nds visitfj). (See Special Notes of 
detailed Surveys, heading (b).) 

It must again be insisted upon that the conditions found to exist at a 
particular date on the gathering grounds by no means necessarily 
represent the normal or usual state of things. This is especiaUy true 
as regards the reaction of the water in the streams " feeding " the 
reservoirs, and to a much less extent as regards the water °in the 
reservoirs themselves. The observations as regards acidity given for 
each waterworks in Section II. are to be read along with the amount 
of rainfall on or before the date of survey. Thus, heavy rainfall may 
exaggerate the normal or usual state of things as regards the acidity 
of the various waters, whereas " drought " may create a favourable 
impression which is not borne out by subsequent observation. In 
many cases the condition of the water in the impounding' reservoirs 
affords a valuable guide as to the average character of water yielded 
by a waterworks. Whereas the quality of the water in the *' feeding" 
streams affords an indication of how good or the reverse the contributory 
waters of a particular water supply may be under different conditions 
of rainfall; the quality of the "stored" water represents the sum of 
their variations, and shows not only the condition of the mixture of 
watei-s at the time of testing, but also the condition in which the water 
is likely to remain in the future. For, although a reservoir may vary 
from time to time as regards the quality of its water, it may be stated 
in general terms that such water, whether acid or neutral, tends 
to remain in that condition for a considerable period, if not indefinitely.* 



* In one case the interval between two teitiogs of the outlet water from a 
particular reservoir water wtis about 4i years, yet th3 figures as regards acidity and 
plumbo-soUency were nearly identical. Some stress may be laid on this fiict Itst it 
be too easily assumed that the conditions observed in the past do not hold irood at 
the present time. '^ 
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The condition of the reservoirs, as regards the reaction ^f the water 
contained in them, is shown in the following tahle : — 



Rb-aotion of the Water in the Besbbyoibs, 





RX-ACTION. 


Nentral. 


Acid. 


Reservoir. 


Waterworks. 


Reservoir. 


Waterworks. 


Laneshaw - 


CoIdc. 


Thornton Moor - 


Bradford (high 


Stubden 


Bradford (high 




level). 




level). 


Upper Barden 


Bradford (low 


Lover Barden 


Bradford (low 




level). 




level). 


Yateholme (trace) 


Batley. 


High Rid - 


BoltOD. 


Entwistle (trace) - 


Bolton. 


Swioden 1 - - 


Burnley. 


Springs - 


M 


» 2- 


»* 


Dingle 


>f 


Heckenhnrst - 


» 


Cant (^ongh (trace) 


Burnley. 


PenDington 


Barrow-in-FumesH 


Ringstone - 


Wakefield. 


Poaka beck - 


if 99 


Fewston (?) 


Leeds. 


♦Ardnley - 


Wakefield. 


Swinsty (?) 


t» 


Brushes 


Anhton, Stalj- 


Withens 


Morley. 




bridge, and 


Upper Swineshaw 


Ashton, Staly- 




Dukinfield. 




bridge, and 
Dukinfield. 


Coldwell . 


Nelson. 




*Haiiier 


Rochdale. 


Lower „ 


t* n 


Spring Mill 


f» 


Brownhouse Wham 


Rochdale. 


Upper Rivolin 


Sheffield (low 


Cowm. 






level). 


Upper Redmires - 


Sheffield (high 


Lower „ 


»> » 




level). 


Strines 


» » 


Middle 


'* »9 


Dale Dike - 


»» »* 


Lower „ 


99 » 


Ogden 


»> M 


GrainclifPe - 


Shipley. 


Dam flask 


If >f 


Ogden (trace) 


Halifax. 


Ramsden Wood - 


Halifax. 


Fly 


99 


Ingbirchworth 


Bamsley. 


Upper Dean Head 


>» 


Upper Longwood - 


Huddersfield. 


(trace). 








Lower Dean Head 


»» 






(trace). 








Widdop - 


» 






Black moorfoot 


Huddersfield. 






Watersheddels 


Keighley. 






Dunford Bridge - 


Dewsbury and 
Heckmondwike. 






Piethorn (? trace) 


Oldham. 






Hanging lices 


*> 






(? trace). 








Upper Castleshaw 


»» 






Lower „ 


*> 






New Year's Bridge 


i» 






(? trace). 








Chrook Gate 


>t 






Dowry 


i> 


1 




Sheephouse - 


Bacup. 



* " Treated " water. 

It appears from the above table that, out of 58 reservoirs, 23 were Moorland mer- 
neutral (about 40 per cent.) and 35 acid (about 60 per cent.) These JJl^tSST^'*** 
figures are significanty especially when the great capacity of some of the neutra], 

S 88578. F 
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Amount of 
acidity. 



BeMTToin oon- 
tKlninif Tery 
add water. 



Be<aolionof 
streams "feed- 
ing " the reser- 
?oIr with water. 



reseryoirSy the degree of acidity, and the large popalation supplied with 
water, are taken into consideration. It mnst, however, be remembered 
that the water from the reservoirs is not alwajs sent directly into 
consumption, it is frequently mixed with other water, or filtered or 
^Ureated" in some way, which partly or wholly removes its lead- 
dissolving properties, and the towns supplied not uncommonly do not 
store the water in lead cisterns or use lead service pipes. 

As regards the amount of acid present in the waters, it may be stated 
that 1 1 contained only traces, and the average amount in the remainder 
(where estimated) was in round numbers nearly 0*5 (in terms of 



n 



cc ^ Na^ CO3 required to neutralise 100 cc. of the water). 

Of reservoirs yielding high figures as regards acidity, the following 
may be mentioned :^ Ringstone, Upper Swineshaw, Graincliffe, Fly, 
Blackmoorfoot, Watersheddols, and Sheephouse reservoirs. 

Practically, in all cases where the water was found to be neutral, it 
was also found to be devoid of plumbo-solvent ability. Moreover, whan 
acid, the plumbo-solvency of the water was found to vary with the 
amount of the acidity. 

On ah average, and excluding cases where the action was hardly 
Appreciable, the plumbo-solvent ability was 0*85 (in m. grms. of lead in 
100 cc. of water after filtration through lead shot). 

Passing next to the re-action of the various *' feeding" streams 
(springs, catohwater conduits, rivers, Ac.) the subjoined table is of 
interest. Owing to the large number of tests that were made only 
those streams are given which are of some importance. 



Bb^aotion of some of the Stbbams, Biyebs, Spjeunos, Catghwat£b 
OoKDUiTS, Ac., on the various Gathbbino Gbounds. 



Bb-aotiov. 



Neotral. 



Aoid. 



Streams, fto. 



Waterworks. 



Streams, Ao. 



Waterworks. 



Flass, Bamside, and 
Boonie Booth Bprinn. 

Laneshaw Brook Oaten- 
water Oonduit (Stub- 
den Beserroir). 

Moss Spring Water - 

8. Oatohwater Oonduit 
(Upper Barden Be- 
senroir). 

Fisdmore Sike 

PiUhawDike 

Kittlety Sike - - 

Bamsden Clough 

Brennand Bdrer 

Whitendale Biver 

Springs to High Bid 
Besenroir. 

"Springs'* Supply - 

Bathmoss Beok 

foakA Beck 



Colne. 

Bradfoid (high level). 



t* 



Bradford (low level). 



ti 



Bailey. 
Blaokbam. 

M 

Bolton. 

Burnley. 

Barrow-in-Furnens. 
w 9* 



Four peat feeders S.W. 

side Thornton Moor 

BoMnroir. 
North Oatohwater 

Oonduit (Ui>per 

Barden Besenroir). 
Tethers GUI 



Feeder to Well Spring 

ClouKh. 
Stony dough - 

Oadshaw Brook - 



Mountain Stream to 

Springs Beserroir. 
Cant Clough Beck 

Oatohwater Omduit 
to Cant Clough Be- 
aervoir. 

Swinden Brook 

Mossmoor Oatohwater 
Conduit to Bin|S- 
stone Beservmr. 
Not. 7th, 18M. 

Jack Clough 

Fletcher's Dyke 



Bradford (high level). 



Bradford (low level). 



Blackburn. 



Bolton. 



Buml^. 



» 



Wakelield, 
Morley, 
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&B-A0TZOV. 



Nentrml. 


Add. 


Stre&ma, Ac 


Waterworks. 


Streams, fto. 


Waterworks. 


MoMmoor Oatchwater 


Wakefield. 


North and South 


Morley. 


Gonduit to Bingstone 
BeseiToir. OcT. Srd 




Catehwater Con- 






daits. 




18M. 
Biver WMhtmrn 


Leeds. 


Peaty water from Boar 
flat. 


Ashton. StaJyhridge. 
and Dukinrleld. 






Peat drain, west side 


m m 


Wicken Springs, 


Ashton, Stahrbridge, 
and Bukinfleld. 


of Higher Swine> 




Springs, west Bide of 
T eoman Hegr Beaer- 


shaw Reservoir. 






Two small moorland 


Boohdale. 


▼oir. 




streams and eatoh- 




Ogden Cloagh 


Nelson. 


water conduit to 
Brownhouse Wham 




Langden Stream 


Preston. 


Beservoir. 








Oomn Brook • 


M 


flaraden Brook - 


„ 










Gndndiffe 


Shiploy. 


Prickshaw Brook 


Bochdale. 










BUMkdyke 


H 


BiTelin Brook - 


Sheffield (low level). 










Weecher • 


w 


Strines Brook 


p, j^ 










Oatohwater drain to 


Haliflu. 


Ogden Water - 


** ft 


Ply Beservoir. 








Yenemons Cloagh 1 - 


Baoup. 


Broadstone Cyke 


Bamslqjr. 


»» M 8 • 




North, Dean Ok»iigh. 
Ponden Kirk, and 


Keightey. 


fi 




m »» 8 ' 


M 


Ark Hill Conduits. 








Bearden Cloogh and 


DewshuTy and Heck- 


Catehwater oonduit 


Hndderafleld. 


Dearden Spring. 


mondwike. 


to Blookmoorfoot 




Cold Greave Clongh - 


Oldham. 


Beservoir. 








Variouspeat feeders 
to Wateraheddels 
Beservoir. 


Keigfal^. 






Grain, LiUle Grain, 
and Swinehill 


Dewshuryand Heok- 
mondwlke. 






Clonghs. 








Cudworth Beck 


Oldham. 



It is manifestlj impossible to give for any of the waterworks an 
indication of the proportion (either as regards nnmber or yield of water) 
existing between the neutral streams and those that were found to be acid. 

Of waters remarkable for the amount of their acidity the following may Bxtremely add 
be mentioned :— waters. 

Water from bog hole about l^^iSO feet above sea level and near origin of 

Dowry Beck (Expt. 8, Table 18). 
Dowry Beck during heavy flood (Expt. 10, Table 18). 
Catehwater conduit to Blackmoorfort reservoir (Expt. 2, Table 18). 
YenomouB olou^hs (Expts. 1 and 2, Table 2). 
Catehwater dram to Fly reservoir (Expt. 4, Table 12). 
Graineliffe, Weecher and Blaokdyke streams (Expts. 1, 2, 3. Table 22). 
North and Sonth catchwaters to Withen's reservoir (Expts. 8 and 11, 

Table 16). 
Fletcher's dyke and Deep Slade stream (Expts. 7 and 10, Table 16)» 
Cant Olough Beck during flood (Expt. 7, Table 9). 
Thornton Moor catehwater conduit (Expt. 9, Table 8). 
Feat feeders to Thornton Moor reservoir (Expts. 11, 12, and 13, Table 8). 

Speaking in general terms, and in relation to the observed acidity of "inlet "streams 
reservoirs and their *' feeders," it may be said that the streams feeding ^!!S^S^^^^^ 
tiie reservoirs were slightly more acid than the reservoirs themselves, water in the 
This, of course, might be expected to be the case, since the reservoirs «*«>^^« 
usually are supplied from neutral as well as from acid streams. Further, 
excluding the results of fermentative changes in the water or bed of the 
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Aoidre-aotionof 
moitt peat. 



Biamples of 
waters neutml 
durini^dry 
weather and 
acid during 
storms. 



reservoirs due to the presence of peat, storage tends to reduce the initial 
acidity, so far as may be judged from laboratory ezperiment& 

On nearly all of the gathering grounds the re-action of the moist peat 
was determined with litmus paper, and an acid re-action was practically 
always obtained. The litmus paper was pressed against the moist peat 
with a fragment of heather, or a small stick or stone, or some other 
object found on the gathering ground, and not with the hand or a 
finger. 

In this relation instances may be given of streams which during dry 
weather flow when the spring water was relatively at its maximum, and 
the peaty water at its minimum, were neutral, but when subsequently 
examined during heavy rainfall, when the peaty water was at its 
maximum, were acid. Under the first set of conditions either there 
was no peaty water, or the acidity of the small amount of peaty water 
was neutralised by the acid-neutralising ability of the spring water ; 
under the latter set of conditions the acidity of the large body of peaty 
water overcame the acid-neutralising ability, if any, of the spring 
water. 

The large catchwater conduit which supplies most of the water to 
Thornton Moor Reservoir was neutral on June 18ch, 1895. At this time 
very little peaty water was gaining access to the wat^works. On July 2, 
1895, a sample was obtained which was stated to be " storm water." This 
water was neutral, and indeed bore little or no resemblance to flood water 
(Expt. 8, Table 8). Still another sample was obtained (July 5), and |in 
this case the water was much discoloured, and appeared indubitably to 
represent storm water. It was found to be strongly acid, and to dissolve 
lead to a very considerable extent (Expt. 9, Table 8). 

On the south-west side of Thornton Moor reservoir there are a number 
of iron pipes which lead water draining from very peaty land into the 
reservoir. No water was draining on June 18th, 1895, from this area, so 
instructions were given to send samples as soon as the first flood came. 
The water thus subsequently obtained was found to be highly acid, and it 
acted strongly on lead (Expts. 10, 11, 12, 13, Table 8). 

On May Itfth, 1896, a sample of water obtained from Dowry Beck during 
dry weather flow was neutral and free from action on lead. 

. On August 3rd, another sample f^m the same source, but collected 
during high flood, was strongly acid and possessed of ^eat plumbo-Bolyent 
ability (Expts. 7 and 10, Table 18). As illustrating the severity of 
thunderstorms on moorland gathering grounds, it may be of interest to 
note that on the above occasion 1 * 52 mches of rain fell in li hours. 

Swinden Brook during dry weather (April 2nd, 1896) contained traces 
of acid, and had a barely appreciable action on lead. At an earlier dace, 
March 27th, 1896, and daring flood the same water was found to possess 
distinct acidity and plumbo-solvent ability (Expts. 5 and 6, Table 9). 

Oant Clough Beck on April 2nd, 1896 (dry weather flow), was only 
feebly acid, and acted on lead only to an inconsiderable extent. Pre- 
viously, March 27th, 1896 (flood water), it had been found to be strongly 
acid and possessed of great plumlx>-solvent ability (Expts. 7 and 8, 
Table 9). 

MoBsmoor catchwater conduit on October 3rd, 1894, was found to contain 
neutral water. On the date the peat *' feeders " were dried up and only 
spring water was reaching the waterworks. A sample suhsequently 
oDtained (November 7th, 1894), during a flood was decidedly acid, and it 
acted on lead to a considerable extent (Expt. 5, Table 23). 

Withen's Brook on July 10th, 1894 (dry weather flow), was neutral ; 
whereas on AnOTst 24th, 1894, when tne conditions were altered as 
regards the rainfall, it was sensibly aoid, and it acted appreciably on lead 
(Bxpt. 6, Table 16). 
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Swineshaw Brook on September 12ih| 1894 (dry weather flow), was 
neutral, whereae on November Ist, 1894 (on this date the streams were 
running ftiller), it was acid. 

Oaken Glongh on the 14th June 1895 and during drought was neutral. 
Tested subsequently under ordinary conditions of rainfall it was aoid. 

On July 25ih, 1895, and during Tery heavy rainfall, Blackmoorfoot 
catchwater conduit contained a very acid water, and one which acted 
strongly on lead. On April 1st, 1896, and during dry weather flow, the 
water contained in it was only about one-half as acid, and the plumbo- 
solrent ability was reduced about two-thirds (Expts. 2 and 5. Table 13). 

On September 27th, 1894, nearly all the feeders supplying Watershed- 
dels Reservoir were neutral, and this notwithstanding the fact that the 
water in the reservoir was distinctly acid. At this period very little 
water, other than spring water, was gaining access to the waterworks. 
On October 28th, 1894, when the feeders contained a large amount of 
peaty water, all the streams were acid with three exceptions, and these 
were streams containing chiefly ferruginous spring water. 

These results are, perhaps, sufficiently numerous to indicate the 
importance of considering the antecedent rainfall in relation to the 
re-action of moorland streams. 

It has already been suggested that many gathering grounds rely 
almost solely for their supply on storm water, and that during drought, 
and possibly even during ordinary conditions of the rainfall, the level of 
the water in the storage reservoirs rapidly sinks. In other words, the 
supply of water neutral and free from action on lead obtained during 
dry weather is totally inadequate unless supplemented by water 
collected during heavy rains, which water is usually acid and possessed 
of plumbo-solvent ability. 



Tbbatmbnt of Watbs adopted at gebtain of thb Watbrwobks 

8URVBTBD, AND ITS EfFICIBNCT IN BSMOVINa AbILITT TO 

DissoLVB Lbad. 

Passing next to the consideratioD of the results of ^Ureatment '* of Bffectofthe 
acid waters with a view to removing their plumbo-solvent ability, it Jf?i'teSS;J[j|^^»' 
may be said that, as a general rule, the result of several kinds of of the w»ten. 
^* treatment" was very successful. Acid moorland waters are very 
amenable to treatment in the above sense. 

Wnkefleld Corporation Waterworks treat their water, which, previous 
to treatment, is strongly acid and possessed of great plumbo*solvent 
ability, with a solution of sodium carbonate. Five hundred gallons of 
a stroDg solution of soda (about 1 lb. per gallon) are mixed with one 
million gallons of acid water. The result is very satisfactory, as the 
water after treatment no longer acts on lead, and is slightly more than 
neutralised. As regards erosion of lead, to be more fully dealt 
with in a future report, it may be added that while the ^ untreated ** 
water possesses strong erosive ability, the ** treated '' water is not only 
*^ cured " in this respect, but is placed, as it were, in a state remote 
from the possession of erosive ability. No other form of ** treatment " 
appears to confer this property on a water in equal degree. Indeed 
in some cases treatment, if it does not actually confer on a water 
erosive power, brings it nearer the possession of this quality than 
it was before treatment. There is another advantage in this method, 
namely, that the effects are almost instantaneously produced, and do 
not depend on the length of time the water is left in contact with 
the neutralising agent. 



218 



It iSy perhspBy a drawback that the water is not rendered more dear, 
but rather the reTerse, as a result of the treatment. Less soap is, 
however, required to form a lather after thaii before treatment. 

At Barnslej the water is filtered, but as the water is ahreadj neutral, 
or was so on July 12, 1895, it is unnecessarj to say more than that the 
filtering material is made up of layers of sand, gritstone, and limestone. 

At Sheffield the acid water from the high-level gathering ground is 
treated with lime (about 2 grains to the gallon) in an apparatus which 
works automatically and thoroughly mixes the lime and water together. 
The *' treated " milky water carrying an excess of lime in suspension is 
conveyed for a distance of several miles in a channel made for the purpose 
to Hadfield service reservoirs. The result may be considered satisfactory 
as the water is changed from an acid plumbo-sol vent discoloured water into 
a neutral water, free from lead dissolving power, and bright and clear in 
appearance. It is'' harder'' after treatment, which is probably an 
advantage on medical grounds, although less suitable for manufacturing 
purposes. 

At Bochdale, on the old works, there are two reservoirs. The Upper 
Brownhouse Wham reservoir is acid, and the water is treated in the 
lower reservoir (Hamer pasture) with lime by means of boats, the lime 
(whiting, about 1 grain to I gallon) being thrown with scoops on the 
surface of the water. The water is thus neutralised, and loses also its 
plumbo-solvent ability. 

On the new works the water is filtered through sand, and enough 
whiting is added to the water in the filter beds to cover the sand with 
a thin coating of lime. Here also the results are equally satisfactory. 

At Bradford the water from Thornton Moor reservoir, which is add 
and dissolves lead, is treated with pure carbonate of lime (about 3 grains 
to the gallon), and is then filtered through sand and gravel. The water 
after treatment is neutral, and no longer dissolves lead. 

At Morley many of the inlet streams to Withens Olough reservoir have 
small filter beds of stone and sand covered with limestone and chalk. 
This arrangement is not as satisfactory in practice as might have been 
anticipated. The beds become speedily coated with vegetable matter, 
and cease to counteract the acidity of water passing through them. 
In order to neutralise (he body of water in the reservoir, slaked lime 
was added by means of rafts. Slaked lime was also added to water in 
some of the inlet streams. Later soda in solution was added to the 
water in the supply well. Before "treatment" Morley main water 
was acid. Sometime after treatment was in operation, a sample was 
obtained which contained only traces of acid. Later, however, the 
main water was found to be more acid than the first sample. Possibly 
the treatment was no longer in operation at this period. 

Prior to December 1894 no "treatment" of the acid Swineshaw 
water (Ashton, Staly bridge, and Dukenfield Waterworks) was in 
operation. Subsequently Uie water from Higher Swineshaw, before 
entering Lower Swineshaw, was treated with whiting (about 1^ grains 
to the gallon). On September 12, 1894 («.e., before "treatment"), 
Lower Swineshaw reservoir was acid. On September 25, 1895 (f.e., 
after about nine months treatment), it was practically neutral. 
Swineshaw water supplies the town of Mossley, and water from the 
mains there was obtained weekly prior to and for a considerable time 
after treatment was in operation. This water gradually changed from 
an acid lead dissolving water to a water practically neutral and free from 
action on lead. 
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Keigblej Corporation Waterworks resort to filtration in the case of 
the highly acid Watersheddels water. The water is filtered throngh 
coke, then through filter beds containing ground sandstone, broken 
sandstone, and limestone, and finally through beds of polarite. The 
treatment is on the whole satisfactory, although the filtered water 
sometimes contains faint traces of acid and acts very faintly on lead. 
It will be noted that in the filters the limestone, which may be regarded 
as the chief neutralising agent, is protected i'rom being coated with slimy 
vegetable matter, as it lies beneath the ground sandstone. Moreover, 
the grosser particles in the water are removed by preliminary filtration 
through the coke. The beneficial effect, qud plumbo-solvency, of the 
ordinary system of filtration through sand and gravel which is adopted 
at waterworks in order to free the water from organic impurities was 
also observed at some works. Such filtration was practised on the 
Bolton, lioeds, and Nelson Waterworks. It may of itself suffice to 
remove the whole, or at least the greater part, of the lead dissolving 
properties of the unfiltered water, in those cases in which the acidity of 
the water before filtration is not very pronounced. 

Although the question of ^'treatment" is complicated by the fact 
that a water may have its acidity completely removed and yet be left 
nearer the possession of ** erosive ability " than h was prior to treatment, 
there can be no doubt that there is no difficulty whatsoever in so 
** treating " a water as completely to remove its power of dissolving 
lead. Moreover, experiments carried out in the laboratory show that a 
water which has had its power of dissolving lead removed, and which 
has been changed from an acid to a neutral water by ** treatment " does 
not, however long it be kept, revert to its original acid state, but remains 
permanently neutral and free from plumbo-solvent ability. 

Which of the various forms of treatment adopted may be termed the 
best is open to question. I incline, however, to the be^ef that ordinary 
sand-filtration, with the addition of some neutralising material (e.g., a 
thin coating of lime on the surface of the sand with limestone under- 
neath the sand) to the filter and the subsequent addition of a trtice of 
sodium carbonate to the neutral filtered water, is the best method. 
Here filtration* would serve the double purpose of removing impurities 
from the water and readering it neutral and free from plumbo- 
solvent ability. The sodium carbonate would further place the water 
in a condition remote from the possession of erosive ability. Laboratory 
experiments, at all events, tend to show that this treatment is the most 
efficacious. 

Each case must, of course, be judged on its own merits, and attention 
paid not only to the convenience of manufacturers, who raise great 
objections to any process which hardens the water, but also to the health 
of the inhabitants. Many medical men are very firmly of opinion that 
unless moorland waters are '' hardened " by means of lime, the health of 
children suffers to a considerable extent It may be added that 
moorland waters will only take up a very small proportion of carbonate 
of lime, and although slightly hardened by this treatment they still 
remain very *' soft '* waters. It will be noted that in a large number 
of cases the '^ hardness " of the various waters was determined. It will 
also be observed that of two watera, the '' hardest " was frequently the 
most acid. So that, while it is true that '' soft " waters frequently act 
on lead and are acid, and ** hard " waters seldom possess these qualities, 
it cannot, of course, be said that the ** sofler '* a water is the greater will 
its acidity and plumbo-solvent power be found to be. 

* Some aathorities, however, object to filtration as removing the vegetabl(} matter 
irhich might otherwise form f| protective coating in the pipes, 
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Diagrams illustrating the Chemical Results obtained 

from the above subvets. 



Records showing 
that neutral 
water* are free 
from solvent 
action on lead, 
that acid waters 
are possessed of 
plumbo^olvent 
ability, and that 
there is a decided 
parallelism 
(Mtween the 
amount of 
acidity and the 
degree of 
plumbo-^olvent 
action. 



Record showing 
that the spring 
waters were 
neutral and 
free from action 
on lead, and the 
peaty waters 
were add and 
possessed of 
plumbo^olT^nt 
ability. 



To illustrate the fact, abundantlj confirmed in the course of 
the surveys, that neutral wcUers are free from solvent action on 
lead, and acid waters possessed of plumbo-solvent ability to an 
extent dependent chieflj on the amount of acid, diagram B has been 
constructed. This diagram shows that 65 samples of water were 
neutral and free from action on lead ; 29 waters were slightly acid 
and dissolved traces of lead ; and 77 were distinctly acid and acted 
appreciably on lead. As regards the latter, the diagram shows very 
clearly that the greater the acidity, the greater is the action on lead 
likely to be. Here the acidity (red line) is arranged from the lowest 
up to the highest amount of observed acidity, and the plumbo-solvent 
ability (black line) of the corresponding sample of water is given. It 
will be noted that the relation between the two is well marked, but that 
the greater the amount of acidity the more widely does the curve of 
plumbo-solvency rise above the curve of acidity. That is to say, on the 
scale adopted it is apparent that the red and black lines run closely 
together where the waters are only slightly acid, but that when tlie 
waters are distinctly acid then the curve of plumbo-solvency rises above 
the curve of acidity to a considerable extent. 

In diagram C the different amounts of acidity of all the acid moorland 
waters are arranged in red columns, beginning from the lowest appreciable 
amount and working up to the highest quantity of acid. The plumbo- 
solvent ability of the corresponding samples of water is shown by black 
columns, and where a number of different samples were examined, all 
containing an equal amount of acid, then the mean plumbo-solvent 
ability is given. The close relation existing between the amount of 
acid and degree of plumbo-solvency is clearly visible. 

In diagram D the percentage variation above and below the mean as 
regards the acidity and plumbo-solvency of corresponding samples of 
water is given. On two occasions the acidity was above the mean when 
the plumbo-solvency was below, and on one occasion the plumbo- 
solvency was above the mean when the acidity was less than the 
average. In all other cases when the acidity was above the average, so 
also was the plumbo-solvent ability, and when the acidity was below the 
mean the plumbo-solvency fell likewise. On the scale adopted, the 
percentage deviation from the mean as regards plumbo-solvency was on 
an average about twice as great as the percentage deviation from the 
mean in the case of the acidity. The diagram indicates very clearly 
that not only is there a parallelism between the acidity and plumbo- 
solvent ability of a water {i.e., that a rise or fall above or below the 
mean as regards the acidity is nearly always coincident with a rise or 
fall above or below the mean as regards the plumbo-solvent ability), but 
also that the percentage deviation in each case shows a decided 
parallelism, allowance being made for the fact that on the scale adopted 
the plumbo-solvent ability is about twice as great as the acidity on an 
average. 

To illustrate the fact that neutral waters chiefly correspond to spring 
water, and the acid waters to peaty water, diagram E has been con- 
structed. In this diagram it is shown that the spring waters were 
neutral 9i,ix^ free from plumbo-solvent action, and that the peaty waters 
were acid and possessed of ability to dissolve lead. Not all the waters 
are here given, but only those which appeared to be typical of moorland 
spring waters, and moorland peaty waters. Thus many examples of 
*^ mixed " waters are not includedt 
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SUMMARY AND CONCLUSIONS. 



In conclasion the following points may be set out. To a slight 
extent these remarks anticipate results of experiments which have not 
been published in detail in this volumey but in the main they are 
a summary of what has been already fully discussed : — 

1. The history of epidemics of lead poisoning due to water supply ^ 
at all events in the north of England, clearly shows that the 
towns which have suffered in the past derived their water supply 
from moorland sources. In some cases we know that the water 
was acid, and in others there was every reason to infer that the 
water was in a similar condition, since the physical circumstances 
of the gathering ground were the same. 

For example, Sheffield has a '^ high " and a ** low level " supply. 
Lead poisoning occurred chiefly if not entirely amongst the 
consumers of the ^' high-level " supply. This water was proved 
to be acid, whereas the '* low-level ** supply was found to be 
neutral. The high-level water was treated with lime which 
neutralised the acidity, and lead poisoning was no longer observed. 
Both supplies were derived from upland gathering grounds, but 
the '' high-level" supply was rich in acid peaty water, and con- 
tained very little spring water, whereas the ** low-level " supply 
containe<l a much larger proportion of neutral spring water and 
very little peaty water. 

Similarly Mossley suflered from lead poisoning in 1893. Dr. 
Copeman in his report to the Board showed conclusively that 
lead poisoning was prevalent only in those districts supplied 
with acid water from Lower Swineshaw reservoir, and that 
when the neutral water from Brushes reservoir and from the 
Greenfield Valley (springs) was supplied to the inhabitants there 
was no lead poisoning. Mossley was kept under observation 
for a considerable period. Not only was the water in Lower 
Swineshaw reservoir found to be acid, but the water as delivered 
to Mossley was also found to be habitually acid and possessed 
of plumbo-solvent ability. In December 1894, ''treatment'^ 
of the water was commenced, lime being added to the water 
in Lower Swineshaw reservoir. Gradually the eflect of the 
^^ treatment" showed itself in Mossley, and eventually the 
water became practically neutral and free from plumbo-solvency. 
Coincident with ihis change in the quality of the water lead 
poisoning was no longer complained of. On September 25^ 
1896, a visit was paid to Mossley, and the water in Lower 
Swineshaw reservoir tested. It was found to be practically 
neutral and free from plumbo-solvent ability. 

2. Moorland gathering grounds are usually rich in peat. The 

amount of peat varies greatly on different gathering grounds, 
both superficially and in depth. 

3. Moist peat has been found to be invariably acid in re-action. 

4. The water draining from peat is always acid. The amount of 

acidity depends chiefly on the amount of peat and the length of 
time the water has been in contact with it. 

5. Acid peaty water dissolves lead. 

B 88578. Q 
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6. The degree of plambo-solvencj of a water is chiefly governed by 

the amount of its acidity. 

7. Moorland spring water is neutral and often possessed of slight 

acid-neutralising ability. In virtue of this property spring water 
is commonly capable of neutraUsing a certain proportion of acid 
peaty water. 

8. Neutral water does not dissolve lead to any appreciable extent. 

9. Moorland waters, as received into storage or service reservoirs, 

usuaUy contain a mixture in variable amount of acid peaty water 
and neutral spring water* The re-action of the '' mixed " water 
at any given time is determined by the relative amount of pea^ 
water, and the degree of its acidity on the one hand, and by the 
relative amount of spring water, and the d^ree of its acid 
neutralising ability on the other. 

10. Bain water is usually neatral, but on some gathering grounds it is 

slightly acid. Such acidity, however, is quite insufficient to 
account for the acidity of moorland waters. 

11. Water draining from rock rich in iron pyrites may be acid and 

act on lead. This, however, is seemingly not a common cause 
of acidity of moorland waters. 

12. During dry weather, and especially at the end of a period of dry 

weather, the watei in moorland streams is almost invariably 
neutral and free from plumbo-solvent ability. 

13. During dry weather the water in moorland streams consists chiefly 

of spring water: during wet weather the water is chiefly surfiu^ 
water draining from peaty soil. 

14. During storms the water in moorland streams is usually very 

acid and acts strongly on lead. Especially is this the case when 
the wet weather succeeds a period of drought, as then the streams 
contain the '' first washings " of the peat. 

15. On most moorland gathering grounds there are areas (particularly 

on the higher and flatter portions of the gathering grounds) 
where the rain staguates in peaty, boggy, and marshy places. 
Such water has always been found to be acid in re-action. 

16. On many gathering grounds a layer of impervious marl underlies 

the beds of peat. This prevents the escape of the rain in a down- 
ward direction, and so the water is '* held " in the peat, or escapes 
only by slow lateral percolation. Thus the peat is always moist, 
and each successive rainfall washes out of the peat substances 
formed during the more or less prolonged contact of the water 
with the peat, rendering the water considerably acid. 

17. The ^Mry weather flow " on most moorland gathering grounds is 

veiy small, and is usually quite inadequate to meet the require- 
ments of the town or towns supplied with water. 

18. In such cases, during a period of drought, the water in the com- 

pounding reservoirs sinks rapidly to a very low level. 

19. When heavy rain comes after drought, millions of gallons of acid 

peaty water are frequently allowed to enter the waterworks. 
Indeed the storage reservoirs are constructed for this very 
purpose, namely, to store for future consumption a vast bulk ef 
'^ stoim " water, the ordinary flow of the streams being far too 
small to keep the reservoirs at their proper level. 

20. Thus it not unfrequently happens that, during dry weather, a 

reservoir water is strongly acid, while all or nearly all the 
*^ inlet " streams contain neutral water. In storm time, however, 
these streams contain not only acid water, but the water in 
them is usuallv more acid than the reservoir water itself. 
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21. Although large quantities of peat are frequently washed into 

reservoirs, and although the bed of some reservoirs is largely com- 
posed of peat, the acidity of th^ water in moorland reservoirs is not 
to be traced, or only in small measure, to this circumstance, but 
to the ingress of large quantities of acid water during storms. No 
donbt, however, the peat mechanically washed into the reservoirs 
and the peat in the bed of the reservoirs assists in ** keeping " 
the water acid. Laboratory experiments seem to prove that 
an acid peaty waier stored out of contact with peat does not 
increase in acidity, but tends to lose some of its original acidity. 

22. While the cause of plumbo-solvency is to be traced to the 

presence of acid in the water, and the source of the acid to con- 
tact with peat, the antecedent cause of the acidity of moorland 
waters seems to be Rssociated, at all events in part, with the 
presence of acid-producing bacteria in the peat itself. 

23. Certain microbes isolated from peat possess the power of rendering 

by their growth a sterile neutral decoction made solely from 
peat both acid and possessed of plumbo-solvency. 

24. Acid peaty waters have the power of dissolving not only bright 

lead, but old coated lead, and the action is a very rapid one. 

25. Neutral waters do not dissolve lead to any appreciable extent, 

but they sometimes act on bright lead by eating away the 
surface of the metal in the presence of dissolved oxygen 
(" erosion '*). 

26. The power of *' eroding " lead is an inherent property of water 

containing dissolved oxygen. All waters do not ** erode " lead 
because most of them contain substances which coat the bright 
surface of the metal and so prevent any further action taking 
place. 

27. Some moorland waters ara not only acid and possessed of plumbo- 

solvent ability but '* erode " lead as well. But in the absence 
of associated acidity and plumbo-solvency, ability to erode lead 
appears to be of secondaiy importance. Erosive ability per se^ 
is not to be r^arded as an intrinsically dangerous quality of a 
water unless under special conditions and in the presence of 
bright lead. 

28. Kisk of a water acquiring plumbo-solvent ability may be guarded 

against by methods designed to exclude from the supply contri- 
butory waters which experience has shown to be conspicuously 
and uniformly acid, and also by mechanical contrivances to 
prevent access to the supply of the *^ first washings " of peaty 
soil afler periods of drought. 

29. Plumbo-solvent ability which has been acquired by a water about 

to be sent to consumption may be removed by suitable arrange- 
ments for neutralisation. It is of advantage to combine such 
arrangements for neutralisation with sand filtration. 

30. I would urge, as a practical outcome of this inquiry, that the 

circumstances of every supply of moorland origin should be 
considered with reference to the factors of plumbo-solvency 
which exist upon it ; and in this report I have endeavoured to 
make clear the nature of these factors and their relative impor- 
tance. It is advisable in the case of existing works to test, not 
only in the reservoirs and main streams, but also in the tributary 
streams and subsidiary *< feeders" during different seasons of 
the year, and under ordinary and extraordinary conditions of 
the rainfall, in order to arrive at a satisfactory conclusion as to 
the liability of the supply in general, and of its constituent 
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waters, to acquire plumbo-solvent ability. Study of this son- 
affords the most satisfactory means of determining how best to 
apply the remedy, or combination of remedies, needed in the 
particular instance. In the case of proposed new waterworks^ 
this inquiry indicates the necessity of a careful survey of the 
physical characters of the gathering grounds, as well as of 
ascertaining the proportion of spring water to surface water 
at different times of the year and under different conditions of 
rainfall, and of testing the quality of the spring water and its 
power of neutralising acid, and the quality of the surface water, 
especially during wet weather and sudden storms following a. 
period of drought. 
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For I80O-O1. 



ON LEAD-POISONING AND WATER 
SUPPLIES. 



^rr^tntdr to to^ ^aatti at pariianrtnt ij} ffomnuntt of ftU flbttfttr. 




^f^^ 



LONDON: 
FEINTED FOB HIS MAJESTY'S STATIONEBY OFFICE, 

BY EYRE ASD SPOTTISWOOSE. 



Aiidtobfl purchnwd, either ctirtolly or throuitli any Bookwllar, from 
ETEB xiD aPOTTISWOODE, Biat HiBomo Stbebt, Fleet Strbbt. K.C., ■ 
Si, ABiyaoo:! Steibt. vresiuinanit.B.V.; or 
OLITBB x:(D BOTD, EuiNBFEes: or 

B. POKSONBT, ll«, GBATTOR tiTHEKT. DCBUX. 

1003. ■ / 



